QER__

Quantitative Enwrunmentm Analysis, LLC

Hudson River PCBs Site

Phase 1
Intermediate Design Report
Attachment E - Dredge Resuspension Modeling

Prepared by:
Quantitative Environmental Analysis, LLC

Montvale, NJ
Prepared for:
General Electric Company

Albany, NY

August 22, 2005



Hudson River PCBs Site

Phase 1
Intermediate Design Report
Attachment E - Dredge Resuspension Modeling

Prepared by:
Quantitative Environmental Analysis, LL.C
Montvale, NJ

Prepared for:
General Electric Company
Albany, NY
Job Number:

GENdes:232

August 22, 2005



Table of Contents

Blil “BoavkpyouiiRl . comummmsssmit e imsssssssiss i s anis 1-1
E: 1.2 “Techoical Approseh e e e S s 1-2
B.1.3 Overviewr of Modeling Framework. ... ..o st sssimassniins 1-2
E2 SEDIMENT RESUSPENSION DURING DREDGING .......ccooiieimiiinicninisiccieeeens 2-1
B2l Sumary of TIBEPA PINAIIES s i i b s oo 2-1
E22 Assumptions Used in Predictive Modeling..........cooiiiiiiiiiissiisssississnns 2-2

B3 HYDRODYNAMIC MODELING s imisg=

E.3.1  Model DeSCHPUON . ...coveiiiiiiiiiciieiecrie ettt e et see et as s e se e sas e s en e sennene s 3-1
E 32 MoGel DEVEIDDIMEHE - .....oociimimssmsmmissssmaisssmsis i e et ssisea 3-3
EXS Cabbraiom and N i o i i s i s e e e s 34
E.3.4  APPICALON coeetiitiie ettt s s st sse e st et g s s e st s e s ne s 3-5
H4: SHDINENT TRANSPORT MODBLINGS i it et 4-1
E4.1 Overview of Sediment Transport PIOCESSES. ... .ocumissssssssmssssssssssssossssassssssssressnise 4-1
BA2 Model Desoriblion . it s s isin s 4-1
E4.3 Model DevelOpmEnt.......cccooirieeevereererecrieerseses s ssssssessssesssssasssssassnssasssssasssassaes 4-9
A PPIUERONONR ..o osoiniicdi o S A R R a3 4-11
E.S5 PCBFATE AND TRANSPORT MODELING .........ccoomnmasnsmssmssmssssanommsnnsesnssssd=1
Bk PERMBIS. o s e s S A e e R e
E.5.2 Overview of PCB Fate and Transport PrOCESSES ......cccvvereerveeerserressssssssasrseesasssssanes 5-1

Bad BIONE) DRI st s e s i
B34 Model Developmienil: i ot i s R i i iy

E.6 SIMULATION OF DREDGING OPERATIONS...........ooececcccicccs e cinemanas s 6-1
E:0:1 Development of & Dredge Plan i i it 6-1
E.6.2 Incorporation of a Dredge Plan into a Simulation.................... PU— 6-15
Eb.3 Owerview of Conirol SYSIBIMNS .iviinmiimninmiimmimiissisiisiioe 6-16
E.6.4 Simulation of Control Structure Effects.........ccoieieoeoeciciececr e 6-17

E7 RESULTS OF MODEL SIMULATIONS. ....ciico vt siviisiiiseinenics 7-1
E.7.1 Baseline Far-Field Concentrations .......coouoeeieioieniciinecieeiessseeieeieeeseesesseeesineessases 7-1
B.EE  Uverview of Model SInailiiOnE ... imsssims s i 7-1
B3 GeneslResulie ot Tesighte oo oo neamaamunie conianpiinanie s 7-2
B.74 Dredging With No Control STIOCHITES ... oossssmmsrssssmisssissrsnssnsinssnisssnsinssssssissssissins 7-5
E1.3 Diedeng With Coptrol SEuctiles o st st 7-6
E7.6  Sensitivity AnalySiS.....coooociiimiiciiiiiiccciie e s seesere s s ese s s ss s s asananans 7-7

BES SUMMARY AND CONMCLUSIONS v s 8-1

BY REPERENICES o i it i s G e e onvtaits 9-1

QEA,LLC 1 : August 22, 2005

FlobNGEN e TENdes23VFENdes_Resuspension_Modeling_Altachment_0508 1E.doc



List of Tables

Table E-1-1. Resuspension standard criteria for far-field stations.

Table E-1-2. Resuspension standard criteria for near-field stations.

Table E-3-1. Inflow hydrographs for six-month dredging season.

Table E-3-2. Average TIP velocity for various high-flow conditions.

Table E-5-1. Desorption sub-model calibration parameters.

Table E-6-1. Dredging schedule for May 21 to October 2, 2007.

Table E-7-1. Baseline TID Total PCB concentration.

List of Figures

Figure E-1-1. Structure of dredge resuspension modeling framework.

Figure E-1-2. Generalized conceptual diagram of resuspension modeling.

Figure E-3-1. Numerical grid for Thompson Island Pool.

Figure E-3-2. Bathymetry for Thompson Island Pool.

Figure E-3-3. Comparison of predicted and observed stage height at gauge 119 (at the
entrance to Lock 7) during Spring 1983 flood.

Figure E-3-4. Locations of transects BMP1 and SEDC1 at which ADCP data were collected
during June 2004,

Figure E-3-5. Locations of transects SEDC2 and SEDC3 at which ADCP data were
collected during June 2004.

Figure E-3-6. Location of transect SEDC4 at which ADCP data were collected during June

: 2004.

Figure E-3-7. Location of transect SEDCS at which ADCP data were collected during June
2004.

QEA, LLC i August 22, 2005

Flobf\GENdes\GENdes2INGENDes_Resuspension_Modefng_Atlachrmeni_(150818.doc



Figure E-3-8.

Figure E-3-9.

Figure E-3-10.

Figure E-3-11.

Figure E-3-12.

Figure E-3-13.

Figure E-3-14.

Figure E-4-1.

Figure E-4-2.

Figure E-4-3.

Figure E-4-4.

Figure E-4-5.

Figure E-4-6.

Figure E-4-7.
Figure E-4-8.

Comparison of predicted and measured current velocity at transect BMP]
during June 2004.
Comparison of predicted and measured current velocity at transect SEDCI
during June 2004.
Comparison of predicted and measured current velocity at transect SEDC2
during June 2004.
Comparison of predicted and measured current velocity at transect SEDC3
during June 2004,
Comparison of predicted and measured current velocity at transect SEDC4
during June 2004.
Comparison of predicted and measured current velocity at transect SEDCS5
during June 2004.

Average current velocity in TIP as a function of flow rate at Fort Edward.

Settling speed of flocculating cohesive (Class 1) sediment (solid line) and floc
settling speed data (mean + 95% confidence interval, Burban et al. 1990) as a
function of sediment concentration and shear stress.

Probability of deposition of cohesive (Class 1) sediment as a function of
bottom shear stress. _

Settling speed of noncohesive (Classes 2 and 3) sediment as a function of
particle diameter (Cheng 1997).

Stratification correction factor (I') for noncohesive (Classes 2 and 3) sediment
as function of Wy/u~ for various reference heights (normalized with respect to
water depth).

Probability of deposition of noncohesive (Classes 2 and 3) sediment as
function of bottom shear stress for different particle diameters.

Frequency distribution of empirical constant (¢t) in lateral dispersion
coefficient formulation. Empirical constant values based on data cited in
Rutherford (1994).

Sediment bed map for Thompson Island Pool.

Average grainsize composition of SSAP primary visual classes.

QEA, LLC

Foba\GENdeGENIes2 1N GE Ndes_Resuspension_Modeling_Artachmeni_[50815.d0c

iii August 22, 2005



Figure E-4-9.

Figure E-4-10.
Figure E-4-11.
Figure E-4-12.
Figure E-4-13.
Figure E-4-14.
Figure E-4-15.

Figure E-4-16.

Figure E-4-17.

Figure E-4-18.

Figure E-4-19.

Figure E-4-20.

Figure E-5-1.

Figure E-5-2.
Figure E-5-3.
Figure E-5-4.

Percent clay and silt in total sediment bed by model grid cell.

Percent very fine sand in total sediment bed by model grid cell.

Percent fine and medium sand in total sediment bed by model grid cell.
Relationship between numerical grids used for 2-D far-field and 3-D near-
field models.

Effect of river flow rate on 2-D/3-D model results: ratio of 3-D to 2-D
sediment flux transported out of 2-D grid cell.

Effect of river flow rate on 2-D/3-D model results: percent of released load
deposited within 2-D grid cell.

Effect of load release location in 3-D grid on 2-D/3-D model results: ratio of
3-D to 2-D sediment flux transported out of 2-D grid cell.

Effect of load release location in 3-D grid on 2-D/3-D model results: percent
of released load deposited within 2-D grid cell.

Effect of 2-D grid cell location in the TIP channel (near RM 193) on 2-D/3-D
model results: ratio of 3-D to 2-D sediment flux transported out of 2-D grid
cell.

Effect of 2-D grid cell location in the TIP channel (near RM 193) on 2-D/3-D
model results: percent of released load deposited within 2-D grid cell.

Effect of 2-D grid cell location in the TIP channel (near Griffin Island) on 2-
D/3-D model results: ratio of 3-D to 2-D sediment flux transported out of 2-D
grid cell.

Effect of 2-D grid cell location in the TIP channel (near Griffin Island) on 2-
D/3-D model results: percent of released load deposited within 2-D grid cell.

Conceptual diagram of dual compartment radial diffusive PCB sorption sub-
model.

Average bed total PCB concentration in clay and silt by model grid cell.
Average bed total PCB concentration in very fine sand by model grid cell.

Average bed total PCB concentration in fine and medium sand by model grid

cell.

QEA, LLC

FAeb\OENde I ENdes? AWGENdes_Resuspensson_Muodeling_Altachment_(50815 doc

iv August 22, 2005



Figure E-5-3.
Figure E-5-6.
Figure E-6-1.
Figure E-6-2.
Figure E-6-3.
Figure E-7-1.
Figure E-7-2.
Figure E-7-3.
Figure E-7-4.
Figure E-7-5.
Figure E-7-6.
Figure E-7-7.

Figure E-7-8.

Figure E-7-9.

Figure E-7-10.

Figure E-7-11.

Hudson River sediment PCB desorption. Comparison of results of Carroll et

al. (1994) and desorption sub-model calibration.

Comparison of DRET study results to desorption sub-model predictions.

Phase 1 dredging schedule.
Model implementation of the sheet pile and silt curtain near Rogers Island.

Model implementation of the sheet pile and silt curtain near Griffin Island.

Development of typical dredge resuspension PCB plume.

Fully developed dredge resusension PCB plume for a mid-channel operation.
Fully developed dredge resusension PCB plume for a near-shore operation.
Typical suspended sediment dredge plume centerline concentrations for near-
shore release and median flow (2,800 cfs).

Typical suspended sediment dredge plume centerline concentrations for mid-
channel release and median flow (2,800 cfs).

Typical PCB dredge plume centerline concentrations for mid-channel release
and median flow (2,800 cfs).

Average TID total PCB concentration (including baseline) for dredging with
no control structures, 0.35% loss and median flow.

Seven-day average TID total PCB load above baseline for dredging with no
control structures, 0.35% loss and median flow.

Cumulative TID total PCB load above baseline for dredging with no control
structures, 0.35% loss and median flow.

Six hour average TID total TSS concentration above baseline dredging with
no control structures, 0.35% loss and median flow.

Six-hour average TSS at near-field monitoring stations (300 m downstream)

with no control structures.

Figure E-7-12.  Three-hour average TSS at near-field monitoring stations (100 m
downstream) with no control structures.

Figure E-7-13.  Average TID total PCB concentration (including baseline) for dredging with
NTIP and EGIA control structures, 0.35% loss and median flow.

QEA,LLC v August 22, 2005

mmmmﬂmu:mwm_wmmmmmﬂmuLH.-m-c



Figure E-7-14.

Figure E-7-15.

Figure E-7-16.

Figure E-7-17.

Figure E-7-18.

Figure E-7-19.

Figure E-7-20.

Seven-day average TID total PCB load above baseline for dredging with
NTIP and EGIA control structures, 0.35% loss and median flow.

Cumulative TID total PCB load above baseline for dredging with NTIP and
EGIA control structures, 0.35% loss and median flow.

Average TID total PCB concentration (including baseline) for dredging with
NTIP and EGIA control structures, 0.70% loss and median flow.

Seven-day average TID total PCB load above baseline for dredging with
NTIP and EGIA control structures, 0.70% loss and median flow.

Cumulative TID total PCB load above baseline for dredging with NTIP and
EGIA control structures, 0.70% loss and median flow.

Model flow rate sensitivity of cumulative TID and PCB load above baseline
for dredging with NTIP and EGIA control structures and 0.35% loss.

Model desorption capacity sensitivity of cumulative TID total PCB load above
baseline dredging with NTIP and EGIA control structures, 0.35% loss and

median flow.

List of Acronyms

ADCP acoustic Doppler current profiler

BMP Baseline Monitoring Program

EFDC Environmental Fluid Dynamics Code
EGIA East Griffin Island Area

EPS Engineering Performance Standards

HEM Hudson River Monitoring

NTIP Northern Thompson Island Pool

PCB polychlorinated biphenyls

RM River Mile

ROD Record of Decision

RPS Resuspension Performance Standard
SSAP Sediment Sampling and Analysis Program
R IIC vi August 22, 2005

Pl IEN e iEN desd A NGENdes_Resnpension_Mndeling_Anachmmens_(1508 15, doe



TID

TSS
USEPA
USGS

Thompson Island Dam

Thompson Island Pool

total suspended solids

United States Environmental Protection Agency

United States Geological Survey

QEA, LLC

vii

P E NG EMdesI TN EM des_Ressspension_Modeling_Atisckeness 0508 18.doc

August 22, 2005



E.1  INTRODUCTION

E.1.1 Background

In the Record of Decision for the Hudson River (ROD; USEPA 2002), the United States
Environmental Protection Agency (USEPA) required establishment of performance standards
for, among other things, resuspension during dredging. USEPA undertook responsibility for
development of the standards and issued the standards in 2004 (Malcolm Pirnie and TAMS
2004). The Performance Standard for resuspension, hereafter referred to as the Resuspension
Performance Standard or RPS, establishes limits for concentrations of polychlorinated biphenyls

(PCBs) in river water and downstream transport of PCBs.

The RPS includes a primary standard of a not-to-exceed river water PCB concentration of
500 ng/L and two action levels (Evaluation and Control) meant to trigger efforts to identify and
correct remediation-related problems that might result in an exceedence of the standard. The
action levels are defined by far-field (more than 1 mile downstream of dredging activities) and
near-field (within 300 m of the dredging activities) criteria. The far-field criteria include PCB
and total suspended solids (TSS) concentrations and PCB mass flux. The near-field criteria
consist of TSS concentrations at specified distances from the dredging activities. These action

level criteria as they apply to Phase 1 dredging in River Section 1 are listed in Tables E-1-1 and
E-1-2.

Table E-1-1. Resuspension standard criteria for far-field stations’.

Parameter Evaluation Level Control Level
7-d Running Average Total PCB Concentration 350 ng/L
7-d Running Average Total PCB Load 300 g/d 600 g/d
7-d Running Average Tri+ PCB Load 100 g/d 200 gid
Dredging Season Cumulative Total PCB Load 63 kg
Dredging Season Cumulative Tri+ PCB Load 22 kg
TS5 (6 hr average or average of day's dredging period if less) 12 mgfLI 24 mg/L”

Notes. iﬁ-haur running average or average of day's dredging period if less.
“24-hour running average or average of day's dredging period if less.
*PCB load and TSS are net above baseline conditions.
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Table E-1-2. Resuspension standard criteria for near-field stations’.

Parameter Evaluation Level Control Level
TSS @ 100 m (or channel side of dredging) 700 mg/L'
TSS @ 300 m 100 mg/L* 100 mg/L*

Notes: ' 3-hour running average.
26-hour running average or average of day's dredging period if less.
24-hour running average or average of day's dredging period if less.
*T5S values are net above baseline conditions.

E.1.2 Technical Approach

Evaluation of the effects of sediment and PCB releases during dredging operations on
water column concentrations at near-field and far-field locations is accomplished through
application of a mathematical model. This modeling framework is used to simulate the transport
and fate of resuspended sediment and PCBs in River Section 1 (i.e., Thompson Island Pool or
TIP) during the five-month dredging season, which extends from May through November.
Predicted TSS at the near-field stations (100 and 300 m downstream of the dredging operation)
and TSS and PCB concentrations (and PCB loads) at the far-field station (Thompson Island Dam
or TID) are compared to the Evaluation, Control, and Standard Levels of the RPS. The approach
makes it possible to quantitatively analyze the effects of various dredging plans on TSS and PCB
concentrations, and associated PCB loads, at the far-field station. Thus, the potential for a
specific dredging plan to exceed the RPS criteria can be estimated prior to implementing that
plan. As part of the design of the dredging project it is necessary to determine where engineered
resuspension control or containment systems (i.e., silt curtains, silt barriers, sheet piling, or other
physical barriers) may be needed during dredging to maintain resuspension levels at or below the
Control Level of the RPS. The modeling provides a means to evaluate the ability of various

control options to reduce downstream transport and water column concentrations to levels at or
below the Control Level of the RPS.

E.1.3 Overview of Modeling Framework

This analysis involves use of a mathematical model, which consists of three sub-models
that are linked together: 1) hydrodynamics; 2) sediment transport; and 3) PCB fate and transport

(see Figure E-1-1). The hydrodynamic model predicts depth-averaged current velocity, water

QEA,LLC 1-2 August 22, 2005
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depth (or stage height), and bottom shear stress, which is the frictional force that moving water
exerts on the sediment bed. The sediment transport model predicts water column concentrations
of suspended sediment, and deposition onto the sediment bed. The PCB fate and transport model
predicts water column concentrations of dissolved and particle-associated PCBs, and deposition
of particle-associated PCBs to the bed. For this application, erosion of sediment and particle-

associated PCBs from the bed are not considered.

Figure E-1-2 shows a generalized conceptual diagram of the modeling framework. The

primary fate and transport mechanisms considered are:

* resuspension of sediment and particulate-bound PCBs due to dredging;

* hydrodynamic advection and dispersion of suspended sediment and PCBs;
* deposition of suspended sediment and associated sorbed PCBs;

¢ sorption and desorption of PCBs; and

¢ volatilization of dissolved phase PCBs.

This model is only concerned with the fate and transport of resuspended material as a
result of dredging activity. Moreover, the dredge resuspension simulated is only that sediment
released to the water column from direct dredge operation and does not include other dredge-
related sources such as debris removal and barge movement. High-flow event resuspension
(erosion) is not considered as dredging activities will not be taking place during such river
conditions. Other non-dredging related sources of sediment and PCBs known to be present in
the river (e.g. upstream and tributary inputs) are also not considered as the focus is material
resulting from dredge activity. This approach is in accordance with the RPS standards because
most standards are based on net increase of suspended sediment and PCBs as a result of
dredging. For the far-field absolute PCB concentration standard, a baseline concentration
resulting from the Baseline Monitoring Program (BMP) data and added to the dredge
resuspension PCBs predicted by modeling.
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E.2 SEDIMENT RESUSPENSION DURING DREDGING

E.2.1 Summary of USEPA Findings

The Feasibility Study (USEPA 2000), the Responsiveness Summary released with the
ROD (USEPA 2002), and the Engineering Performance Standards (EPS; Malcolm Pirnie and
TAMS 2004) present evaluations of dredging-induced resuspension. In these evaluations
resuspension is normalized to the rate of dredging to yield a fractional resuspension rate (i.e., kg

resuspended/kg dredged) expressed as a percentage.

The Feasibility Study reviews field and modeling studies of resuspension and concludes
that resuspension rates at the dredge head of 0.35% (hydraulic - cutterhead) and 0.30%
(mechanical - environmental bucket) represent conservative estimates of the resuspension likely
to occur during the dredging of the Upper Hudson River. The value of 0.35% was derived from
field studies of resuspension during cutterhead dredging of fine sediments in Calumet Harbor
and Lavaca Bay. The value of 0.30% was derived from a field study of an enclosed bucket
dredge operating in Boston Harbor. The sediments at all of these sites are dominated by small
particles capable of being resuspended, thus the release rate essentially represents percentage of

resuspendable sediment dredged that is released to the water column.

The Responsiveness Summary presents additional reviews of field and modeling studies
and affirms the use of the values of 0.30% and 0.35% at the dredge head. In addition, it presents
the results of calculations to estimate the dredging release rate at a distance of 10 meters from the
dredge head. Mass-weighted average release rates were reported to be 0.13% for and
environmental bucket dredge and 0.065% for a conventional hydraulic cutterhead dredge'. The
report concludes that these values “... represent conservative estimates of the potential releases

due to dredging and are consistent with direct observations made on several sites.” (USEPA
2002).

' These percentages were presented as kg of fine sediment transported downstream per kg of total sediment dredged.
Given that the rates at the dredge head were based on the dredging of fine sediments, kg of fine sediment dredged
and kg of total sediment dredged are roughly equivalent.
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The EPS provides further affirmation of the Feasibility Study release rates, using a
dredge head release rate of 0.3% as the starting point for near-field and far-field resuspension
modeling (Malcolm Pirnie and TAMS 2004). However, it appears that this rate was applied
incorrectly for purposes of modeling. First, it is adjusted upward to 0.5% based on the incorrect
assumption that the fine sediment fraction of Upper Hudson River sediments should be used to
convert the rate from bulk sediment based resuspension to fine sediment based resuspension. In
fact, the fine sediment fraction of the sediments from which the estimate was derived (i.e.,
Boston Harbor, Calumet Harbor, or Lavaca Bay) should be used for such a conversion. Since
the fine sediment fractions of the field study sites were all close to one, the Feasibility Study
values essentially represent kg fine sediment released/kg fine sediment dredged and the
conversion does not alter the rate. Second, the dredge head release rate is applied 10 m
downstream of the dredge without downward adjustment to account, as was done in the

Responsiveness Summary, for the solids losses that occur in the first 10 m.

E.2.2 Assumptions Used in Predictive Modeling

On the basis of the USEPA findings, a value of 0.35% was used as the dredging-induced
sediment resuspension rate at the dredge head. This rate was interpreted to represent the kg of

resuspendable sediment resuspended/kg of resuspendable sediment dredged.

Given the uncertainty inherent in reliance on extrapolation from other sites as a means to
determine the need for resuspension controls, a resuspension release rate of 0.70% was evaluated
to identify those areas for which controls would be necessary if the release rate was twice that
used for design. This 0.70% release rate was used to evaluate the need for resuspension control

measures to be included in design as a contingency measure.
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E.3 HYDRODYNAMIC MODELING

E.3.1 Model Description

The hydrodynamic model used in this study is the Environmental Fluid Dynamics Code
(EFDC), which was originally developed by Dr. John Hamrick (Hamrick 1992). EFDC is a
general purpose hydrodynamic model capable of simulating flow in rivers, lakes, reservoirs,
estuaries and coastal oceans. This model solves the conservation of mass and momentum
equations, which are the fundamental equations governing the movement of water in a river. A

complete description of the model is given in Hamrick (1992).

The Upper Hudson River is relatively shallow and its flow is unstratified. These
conditions make it reasonable to assume that the water column is vertically well-mixed. Thus,
the two-dimensional, vertically-averaged equations are an accurate approximation to the general
three-dimensional equations of motion for an incompressible fluid. The conservation of mass

and momentum equations applied to TIP are (Ziegler et al. 2000):

o0, ), 30 _ .
BI+ = + % =1 (E-3-1)

duh) B{uzh) d(uvh) an d auj d du
: sicgnle Linp Sl 0] pp OW E-3-2
& C o o fg“ax( % i kv S S

dlvh)  d(uvh) B(vth _en ki v o dv
+ + gh & hB,, hB,

i I el et
v+ E}}l .EJ}.

E-3-3
| ox | 9 A ™ S ™ ] (5=

where: h is total water depth (h,+1); h, is reference water depth; 7 is water surface
displacement with respect to reference depth; u, v are velocities along the x- and
y-axes, respectively; q = (u® + v)"% C; is bottom friction factor; and By is

horizontal eddy viscosity.
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Note that the x-axis is oriented in the longitudinal (along-channel) direction and the y-
axis is oriented in the lateral (cross-channel) direction. Equations E-3-1 to E-3-3 were
transformed from Cartesian coordinates to orthogonal, curvilinear coordinates (see Hamrick
(1992) for detailed discussion) in order to resolve the complex geometry and bathymetry of TIP

more accurately.
An important variable in the hydrodynamic and sediment transport models is bottom

shear stress (Ty), which represents the frictional force exerted on the sediment bed by moving

water in the river. The bottom shear stress is related to depth-averaged current velocity by the

quadratic stress law:

T=p Cr Cﬁ (E-3-4)

where: p is water density.

The bottom friction factor in Equation (E-3-4) is dependent on the local water depth and

effective bottom roughness (Ziegler et al. 2000).

C,=MAX|——— , C (E-3-5)

where: K is von Karman's constant (0.4); z, is the effective bottom roughness; and Cymin

is the minimum bottom friction factor (typically, set at 0.0025).
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E.3.2 Model Development

Development of the hydrodynamic model of the TIP involved four main tasks: 1)
specification of the geometry of the study area; 2) generation of a numerical grid; 3) projection

of river bathymetry onto the numerical grid; and 4) specification of boundary conditions.

The region of the Upper Hudson River considered in this modeling evaluation extends
from a location approximately 1,300 feet upstream of Rogers Island to TID. The location of the
river shoreline within this region was determined using aerial photography information obtained
during Spring 2002. The approximate flow rate at the time the aerial photographs were taken
was 5,000 cfs at the United States Geological Survey (USGS) gauging station at Fort Edward).

A curvilinear, boundary-fitting numerical grid was generated to represent the study area,
which is approximately six miles long. The river channel within the TIP is discretized using 230
longitudinal (i.e., along channel) and 22 lateral (i.e., cross channel) grid cells (Figure E-3-1).
Average longitudinal cell size is 160 ft. and typical lateral cell size is about 30 fi. The grid
resolution was chosen such that a plume resulting from resuspension of sediment and PCBs
during dredging operations can be adequately simulated. Note that all three sub-models (i.e.,

hydrodynamic, sediment transport, and PCB fate and transport) use the same numerical grid.

Bathymetry data used to specify model inputs were obtained during two studies: 1)
single-beam bathymetry data collected during a 2001 survey; and 2) supplemental water depth
data obtained during the Sediment Sampling and Analysis Program (SSAP) in 2002 and 2003.
The 2001 bathymetry data were collected along cross-channel transects, with a typical distance
between transects of 125 ft. Bathymetry data from this survey were reprocessed during Spring
2003 and contoured at 1-ft. intervals to support the remedial design. The reprocessed data form
the 2001 survey was included in the Hudson River GIS database. The reprocessed bathymetry
data were projected onto the numerical grid, with the water depth (or bed elevation) in a specific
grid cell representing the average water depth (bed elevation) within the area encompassed by

that grid cell. A graphical representation of the TIP bathymetry is shown on Figure E-3-2 (a
through e).
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Two boundary conditions are needed for the hydrodynamic model: 1) incoming flow rate
at the upstream boundary; and 2) water surface elevation (stage height) at the downstream
boundary, which is location at TID. Flow rate collected at the USGS gauging station at Fort
Edward is used to specify incoming flow at the upstream boundary of the model. Discharge
from the TIP tributaries (e.g., Snook Kill, Moses Kill) is not included in these simulations
because the tributary flow is small compared to the river discharge (i.e., about 4% of the total

flow rate at TID, on average). Neglecting tributary flows has negligible effect on model results.

Water surface elevation (or stage height) at TID is specified as a function of river flow
rate. Stage heights measured by Champlain Canal personnel at Crockers Reef, which is located
at the entrance to the canal near River Mile (RM) 189, were used to develop this relationship

between flow rate and stage height at TID (QEA 1999).

Q 044
=117.2+3.571—— E-3-6
Metam {IDDDD] ( )

where: Tlgam 18 stage height [ft. with respect to NAVD 88] and Q is flow rate [cfs].

E.3.3 Calibration and Validation

Assessment of the predictive capability of the hydrodynamic model is achieved through
comparisons of predicted and measured stage height (water surface elevation) and current
velocity. The model parameter that is adjusted to achieve the optimum agreement between
model predictions and observed values is the effective bottom roughness (z,). The model
calibration exercise indicated that an effective bottom roughness of 1 c¢m is appropriate for the
study area. Horizontal eddy viscosity was set at a value of 0.06 m*/s, which is the minimum
value that ensures numerical stability. No adjustment of horizontal eddy viscosity was made

during model calibration and validation.

Model calibration was conducted using stage height data obtained during the 1983 spring

flood at Gauge 119, which is located near the entrance to the Champlain Canal lock at Fort
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Edward. This flood had a maximum daily-average flow rate at Fort Edward of 34,100 cfs, which
represents a return period of approximately 10 years. An effective bottom roughness of 1 em
produced the best agreement between observed and predicted stage heights during the 1983 flood
(Figure E-3-3). These results indicate that the model adequately predicts stage height in the

study area.

Model validation was accomplished using acoustic Doppler current profiler (ADCP) data
collected during June 2004 (QEA 2004). Sampling locations are shown on Figures E-3-4
through E-3-7. No model parameters were adjusted during the validation exercise. Comparisons
between predicted and measured current velocities at stations BMP1 and SEDC1 to SEDCS5 are
shown on Figures E-3-8 through E-3-13. These results indicate that the model is able to

adequately reproduce observed current velocities in the TIP.

E.3.4 Application

Simulation of suspended sediment and PCB transport in the river due to resuspension
during dredging operations requires specification of a hydrograph during the six-month dredging
season. An analysis of historical flow rate data was conducted to develop hydrographs that are
representative of a range of discharge conditions during the dredging season. Developing
representative hydrographs requires that seasonal variations in flow conditions are incorporated
into the analysis. For example, discharge during May is typically higher than discharge during

August.

Representative hydrographs were developed by analyzing historical flow rate data at the
Fort Edward gauging station that were collected during the six-month period from May through
October. The 6-month dredging season is divided into 18 sub-periods, with each sub-period
being 10 or 11 days long. A statistical analysis of the flow data, which were analyzed for each of
the 18 sub-periods, produced estimates of median (50 percentile) flow rates, as well as 10 and 90
percentile flows, for each sub-period during the dredging season. The 10 and 90 percentile flows

are assumed to represent lower- and upper-bound estimates, respectively.
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The bounding flows, together with the median flow, are uvsed to develop three
hydrographs for the dredge season: 1) low-flow (i.e., 10 percentile); 2) typical flow (i.e., 50
percentile); and 3) high-flow (i.e., 90 percentile). For a specific hydrograph associated with a
hydrodynamic simulation, flow rate is assumed to be constant during each sub-period. The
hydrographs for the six-month dredging season are listed in Table E-3-1. These hydrographs are
designed to approximate seasonal variations in discharge, as well as represent the range of flow

rates that may be reasonably expected to occur during the dredging season.

Table E-3-1. Inflow hydrographs for six-month dredging season.

Month Sub-Period 10 Percentile 50 Percentile 90 Percentile
Dates Flow Rate (cfs) Flow Rate (cfs) Flow Rate (cfs)
May 1-10 3,000 3,800 16,700
11-20 2,400 3,600 16,700
21-31 2,400 4,600 11,400
June 1-10 2,200 3,800 8,800
11-20 2,200 3,600 7,700
21-30 1,900 3,200 6,000
July 1-10 1,500 2,400 4,600
11-20 1,700 2,800 4,100
21-31 1,900 2,800 4,100
August 1-10 1,900 2,800 4,100
11-20 1,700 2,800 4,600
21-31 1,700 2,800 4,400
September 1-10 1,900 2,600 4,100
11-20 1,900 2,800 3,800
21-30 2,200 2,800 4,900
October 1-10 2,200 3,000 5,300
11-20 2,200 3,400 5,600

The hydrodynamic model was used to estimate average velocity in the TIP for a range of
flow conditions. Simulations were conducted with inflows corresponding to high-flow events
with these return periods: 2, 5, 10, 20, 50, and 100 years (see Table E-3-2). Results of these
simulations were used to determine the area-weighted average velocities for the TIP for each

high-flow event (see Table E-3-2 and Figure E-3-14).
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Table E-3-2. Average TIP velocity for various high-flow conditions.

| High-Flow Event Return Period (years) Flow Rate (cfs) Average Velocity (m/s)
2 23,000 0.71
3 30,000 0.86
10 34,500 0.95
20 38,000 1.01
50 44 00 1.11
1040 47,300 1.17
QEA, LLC 3-7
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E4  SEDIMENT TRANSPORT MODELING

E.4.1 Overview of Sediment Transport Processes

Sediment released to the water column during dredging operations is composed of a
mixture of clay, silt, sand and gravel, with the relative amounts of each sediment type depending
on local bed conditions. The amount of released sediment that is transported away from the
dredge-head is dependent on the sediment type. Coarser sediment, i.e., coarse sand and gravel
(which are typically transported as bed load), will be redeposited within the immediate vicinity
of the dredge-head because of the high settling speed of this type of sediment. Fine and medium
sands, which are transported as suspended and bed load in rivers, may have the following fates
after being released during dredging: 1) redeposition within the immediate vicinity dredge-head;
and/or 2) carried downstream of the dredge-head as suspended load and redeposited on the bed.
Clay and silt that are released during dredging will tend to behave as flocculating cohesive
sediment that is transported as suspended load. Typically, this fine sediment type will be

transported significantly further downstream from the dredge-head than fine/medium sand.

E.4.2 Model Description

The sediment transport model used in this study is based on the SEDZL algorithm
(Ziegler et al. 2000). This model is capable of simulating the transport, resuspension and
deposition of cohesive (muddy) and non-cohesive (sandy) sediments. A description of the model
is provided in Ziegler et al. (2000). This model has been applied to approximately 20 sediment
transport studies in rivers, including: Upper Hudson River (New York), Lower Fox River
(Wisconsin), Tennessee River, Grasse River (New York), Saginaw River (Michigan), and Upper
Mississippi River (Minnesota). Water-column transport of suspended sediment is governed by a
conservation of mass equation. For this analysis, erosion from the sediment bed is not
considered because it does not affect simulation of sediment released during dredging operations,

and dredging will not take place during high flow events.
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Suspended sediment particles in a river have a large range of sizes, from less than 1 pm
clays to medium sands on the order of 400 um. Simulation of the entire particle size spectrum is
impractical. Therefore, particles were broadly segregated into two groups: silt and clay that may
interact and form flocs and sand that is transported as discrete particles. The model uses this
approach to approximate the particle size spectrum. Class 1 particles include all flocculating
particles, i.e., clays and silts, with disaggregated particle diameters of less than 62 pm.
Suspended sands are separated into two size classes. Class 2 particles correspond to very fine

sand, which ranges in size from 75 to 150 um. Class 3 particles represent fine and medium

sands, with a size range of 150 to 425 um.

A two-dimensional, vertically-averaged sediment transport equation for size-class k is

used (Ziegler et al. 2000).

=— —t —

a{hf:,,}+ d(uhC,) A dvhC,) 9 (hEI ackj 0 (hE* aCc,
dt ox dy dx dx | dy

—] +R, - D, (E-4-1)
L9y
where: Cy is concentration of suspended sediment of size-class k; E;, E, are horizontal

eddy diffusivities along the x- and y-axes, respectively; Ry is resuspension

(erosion) flux of size-class k; and Dy is deposition flux of size-class k.

Results from the hydrodynamic model provide information about the transport field in
Equation E-4-1, i.e,, u, v, and h. Similar to the hydrodynamic equations, Equation E-4-1 has
been transformed into an orthogonal, curvilinear coordinate system and solved numerically. The

hydrodynamic and sediment transport models use the same numerical grids.

Deposition Processes

Flocculating sediments in the water column range from clay particles smaller than 1 pm
up to ~62 um silts. The discrete particles aggregate and form flocs that can vary greatly in size
and effective density. Variations in concentration and shear stress affect both floc diameter and
settling speed (Burban et al. 1990). Previous modeling studies (Ziegler and Nisbet 1994, 1995;

Gailani et al. 1996; Ziegler et al. 2000) indicate that an effective approximation is to treat
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suspended flocculating sediments as a single class. This approach assumes that the settling and
depositional characteristics of flocculating sediments can be represented by average values of a
distribution of properties. Using this approximation, the deposition flux of flocculating (Class 1)

sediments to the sediment bed is expressed as (Ziegler et al. 2000).

D| == ﬁ ws.] C: (E-4-2)

where: Wy ; is flocculating sediment settling speed and P1 is probability of deposition for

flocculating sediments.

Settling speeds of cohesive flocs have been measured over a large range of
concentrations and shear stresses in freshwater (Burban et al. 1990). The Burban settling speed
data for cohesive flocs in freshwater were analyzed to develop a formulation to approximate the
effects of flocculation on settling speed (Ziegler et al. 2000). This analysis indicates that the
settling speed is dependent on the product of the concentration (C;) and the water column shear

stress (G) at which the flocs are formed, resulting in the following relationship:

W, =25(CGP" (E-4-3)

where: the units of Wy, C), and G are m/day, mg/l and Pa, respectively (Figure E-4-1).
For a depth-averaged model, as used in this study, the relevant shear stress for use

in Equation (E-4-3) is the bottom shear stress (i.e., G = 1, see Equation E-3-4).

Modeling suspended flocculating sediments as a single class, with an effective W, given
by Equation E-4-3 makes it necessary to use a probability of deposition (P;) to parameterize the
effects of particle/floc size heterogeneity and near-bed turbulence on the deposition rate. The
complex interactions occurring in the vicinity of the sediment-water interface cause only a
certain fraction of the settling flocculating sediments, represented by Py, to become incorporated

into the bed (Krone 1962, Partheniades 1992).  An experimentally-based formulation that
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represents the effects of variable floc size on probability of deposition was developed by
Partheniades (1992) (Figure E-4-2).

P=1-(2z)""_ e 2aw (E-4-4)

where:

Y:E_m]n{{}.zj{ L —1]e”“"°-m"] (E-4-5)
rl’.l.:'ﬂiﬂ

and:  Th.min 15 bottom shear stress below which Py=1.

A value of 0.01 Pa is used for Ty,min (Ziegler et al. 2000). This value is consistent with

Th.min- Values reported by Partheniades (1992).

Class 2 and 3 particles, i.e., fine and medium sand, suspended in the water column have
an effective settling speed (W) that depends on the effective particle diameter (dy). The

relationship between W, and dy was developed by Cheng (1997). The depositional flux for this

sediment class is estimated as:

D, =PRW ,I'C, (E-4-6)

where: Py is probability of deposition for non-cohesive sediment class k and I’} is

stratification correction factor for class k.

Significant vertical stratification can occur in the water column due to the high settling
speeds of fine and medium sand. This characteristic means that accurate calculation of sand
deposition flux requires use of the near-bed concentration (C,;), where Cyy = I':Cy and [>1.

Note that I'y is dependent upon Wy, Ty, bottom roughness, and local depth.
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The settling speed of a sand particle is related to the particle diameter, representing class

k sediment, as follows (Cheng 1997):

W, = Di [(25 +1202)7 -] (E-4-T)

k

where: D* = non-dimensional particle parameter.

173
D.=D, {{S = ”g] (E-4-8)

where: s is specific density of particle (assumed to be 2.65 for sand particles) and v is

kinematic viscosity of water.

The settling speeds of suspended sand particles (i.e., 62< Dk < 500 um) range from about
200 to 5,000 m/day (Figure E-4-3).

Most sediment transport models applied to riverine systems have used a vertically-
averaged approximation of the vertical distribution of sediment in the water column (e.g., Ziegler
et al. 2000). This approach assumes that particles are uniformly distributed throughout the water
column, which is a good approximation for cohesive sediments due to their lower settling
velocities (~1 to 10 m/day). The high settling speeds of suspended sands cause significant
stratification to occur, with order of magnitude increases in concentration typically occurring
between the top and bottom of the water column. Thus, simulation of suspended sand transport
with a vertically-averaged model necessitates the use of a correction factor (I'y) to account for

effects of concentration stratification.

This correction factor will relate the vertically-averaged sediment concentration of class k

sediment (Cy), which is calculated by the sediment transport model, to the near-bed
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concentration (C,x). The vertical distribution of non-cohesive sediment in the water column can

be calculated using (van Rijn 1984):

C“H ‘ )[E—1ﬂ , '‘Eens
“I\h=—alz h
(E-4-9)

where: a is the near-bed reference height (where a = MAX[11z,, 0.01 h]); z is vertical

coordinate (z = 0 at sediment-water interface and z = h at water surface); and C is

the suspension parameter defined by (van Rijn 1984):

£ = ;TL (E-4-10)

where: x is von Karman constant (assumed to be 0.4) and the B-factor, which is related to

the vertical diffusion of particles, is given by (van Rijn 1984):

w.,Y W
¥ =1+z(i] « e =t (E-4-11)
1. I,

The vertically-averaged concentration, Cy, is defined as:

(E-4-12)
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Using Equation E-4-9 in the above integral yields:

C.zf a “| ase (R ¢ —4;[%-.05}
CE:T[h-a} {f [TIJ g L,,, ¢ dz (E-4-13)

The integrals in this equation will be evaluated separately. The first integral does not
have a closed form solution. Approximating the solution using the trapezoidal rule and three

segments betweenz=aandz=0.5 h, i.e., 82 =(0.5h - a)/3, yields:

: ¢ ¢
f‘” [E—l] dzzl[ﬂ,s[i—l) +[ A —1] +0,5} (E-4-14)
z 3 a a+2d&k

The second integral has the following solution:

[, e_dglj_m]dz - %(1 —&e) (E-4-15)

Inserting Equations E-4-14 and E-4-15 into Equation E-4-13 and solving for Cyk

produces:
C.2 =TC, (E-4-16)
where:
SRR 1 a R ¥ (kY oY )
r:[-ml] {I—e‘z‘:)+—[ﬂ.5——] D.S[——lj +f = ] [ -1 +0.5
a a4 h a \a+& a+2&
(E-4-17)
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The dependence of Ty on h, a, Wi and I'y is shown on Figure E-4-4.

The probability of deposition parameter (Py) in Equation E-4-6 accounts for the effects of
near-bed turbulence and particle size variations on deposition of fine sand. In quiescent water,
the bottom shear stress will be zero and Py will equal one. As the bottom shear stress increases,
the probability of deposition decreases. The dependence of Py on bottom shear stress was

investigated by Gessler (1967), who determined that Py could be described by a Gaussian

distribution:
1 2
gl e w19
where:
i l[fﬂ —1J (E-4-19)
o\ T,

and: Ty is critical shear stress for class k sand and o is standard deviation of the
Gaussian distribution for incipient motion. Based upon experimental results,
Gessler (1967) determined that o was equal to 0.57. The relationship between Py,

particle diameter and bottom shear stress is illustrated on Figure E-4-5.

Lateral Dispersion Coefficient

Suspended sediment and PCBs in the water column will be transported downstream by
river currents. In addition, these solids and chemicals will be dispersed laterally across the river
channel by turbulent diffusion and dispersion processes in the river. The rate at which the
sediment and chemical transport models disperse suspended or dissolved material across the
channel is determined by the lateral diffusion coefficient (Ejyera); this coefficient determines the
rate and extent of cross-channel spreading of a plume. Based on data collected in various rivers,

the following relationship is valid (Rutherford 1994):
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E[ntmi =aU*h {E—4—2m

where: a is an empirical constant and U# is bed shear velocity.

For slightly meandering rivers, such as the Upper Hudson River, the value of a ranges
between about 0.1 and 1.1, with an average value of (.45 (Figure E-4-6). For this study, o was
set at 0.45 for all simulations. This approach provides an objective, data-based method for

estimating lateral dispersion in the Upper Hudson River.

E.43 Model Development

Development of the sediment transport model required specification of these model
inputs: 1) bed map, which delineates areas of cohesive and non-cohesive sediment; 2) effective
particle diameter for the two sand classes (i.e., Classes 2 and 3); and 3) magnitude and

composition of dredge resuspension loads.

Side-scan sonar data were obtained for the TIP during 2002. These data were analyzed
and used to broadly separate sediment bed types into three classes: 1) cohesive; 2) non-cohesive;

and 3) hard bottom. The bed map for TIP resulting from this analysis is presented on Figure E-
4.7,

The effective diameters for Classes 2 and 3 (i.e., fine and medium sand) were estimated
using grain size distribution data collected from the TIP. This analysis suggests that
representative effective diameters for Classes 2 and 3 are 113 and 267 pm, respectively. The
settling speeds corresponding to these effective diameters are about 600 and 2.400 m/day,
respectively. Note that the settling speed of flocculating cohesive sediment (i.e., Class 1) ranges

between | and 10 m/day. An effective diameter of 26 pm is used for Class 1 sediment.

Magnitude and Composition of Dredge Releases

The composition of sediment to be dredged in each grid cell was estimated based on the

primary visual texture description of the SSAP core segments. Each sediment core was
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associated with a volume of sediment that was defined by overlaying Thiessen polygons
developed from the locations of the cores on the areal dredge delineation. The volume
associated with each core was the product of its Thiessen polygon area (truncated at the dredge
area boundaries) and a dredging depth equal to the volume-weighted average dredge depth for
the dredge area under the Thiessen polygon. Each texture description in a core was assigned a
fraction of the core’s associated dredge volume based on it relative length over the dredging
depth. If the dredge depth was deeper than the last core section, then it was assumed that the
texture description for the last core section extends down to the average dredge depth. The

Thiessen polygon-based sediment composition was mapped onto the model grid using an area-

weighted approach.

In order to translate the qualitative visual sediment classifications into quantitative
estimates of the volume fractions of the three sediment classes used in the model, correlations
were developed between primary visual texture description and measured grain size. These
correlations were based on a subset of approximately 5% of the SSAP data that were analyzed
for grain size distribution. The average grain size distribution of each of the primary visual
textures is shown on Figure E-4-8. The estimated grain size distribution is aggregated into the
three sediment classes. Class 1 is composed of clay and silt. Class 2 represents very fine sand.
Class 3 consists of fine and medium sand. Transport of very coarse material (i.e., coarse sand
and gravel) is not simulated because this type of sediment is only transported as bed load.

Figures E-4-9 through E-4-11 show the average sediment composition of dredged areas for the

three sediment classes.

The mass of sediment released during dredging operations is based on the dredging plan.
For a particular grid cell, the mass of dredged sediment and the duration of dredging are

specified. These two quantities are used to calculate the sediment mass removal rate during

dredging in a grid cell:

Wik =M; i/ Ty (E-4-21)
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where: Wi is the mass loading rate for sediment class k in grid cell (i,j); M is total .
mass of dredged sediment in grid cell (i,j); fi;x is fraction of sediment class k in

the bed in grid cell (i,j); and Tj; is the duration of dredging grid cell (i,j).

E.4.4 Application

Effects of Grid Resolution on Near-Field Transport

The numerical grid used in this study has a relatively high spatial resolution for a far-field
model. Typical grid cell dimensions are about 160 ft. in the longitudinal (along channel)
direction and about 30 ft. in the lateral (cross-channel) direction. This grid resolution is adequate

for simulating plume structure and transport outside the immediate vicinity of the dredge-head

(i.e., the far-field).

Sediment released during dredging is input as a water column load to the grid cell in
which the dredge is operating. Deposition and transport of sediment within that grid cell are
simulated using the far-field model. The immediate vicinity of the dredge-head corresponds to
the near-field region, which has a spatial extent of approximately 30 ft. (10 m). The near-field
region is smaller than a typical grid cell. Thus, the far-field model cannot resolve sediment
transport processes within the near-field region. The far-field model, however, does provide an

approximate simulation of transport processes within the near-field region.

An investigation was conducted to determine the extent that approximating near-field
transport processes, through specification of the dredge release load as described above, affects
sediment transported away from the immediate vicinity of the dredge-head. A typical far-field
grid cell has dimensions of about 30 ft. in the lateral direction by about 160 ft. in the longitudinal
direction, with the water column represented by one vertical layer because of the use of a

vertically-averaged model. This far-field grid cell is assumed to encompass the near-field

region.

To investigate the effects of grid resolution on near-field transport processes, a single

two-dimensional (2-D), far-field grid cell was represented as a three-dimensional (3-D), high-
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resolution grid with approximately 6-ft. sguare grid cells and 10 layers in the vertical
(Figure E-4-12). The 3-D grid was used to evaluate whether the 2-D model provides a
reasonable approximation of the near-field sediment transport processes. The effects of the
following model input parameters on sediment transport within the 2-D (far-field) and 3-D (near-
field) grids were evaluated: 1) river flow rate; 2) longitudinal location within 3-D grid of
sediment load release; and 3) location of far-field grid cell (i.e., sediment load release location)
in TIF channel. In addition, the effect of vertical location in the water column of load release
was evaluated for all three input parameters; sediment loads were released at bottom, mid-depth

and surface points.

For these simulations, only two classes of sediment were used: flocculating cohesive
sediment (Class 1) and very fine sand with an effective diameter of 113 um (Class 2). Model
simulations were set up such that the total inflow rate along the upstream boundary of the 3-D
grid matched the inflow rate to the 2-D grid cell; the total inflow rate was uniformly distributed
along the 3-D inflow boundary. In the vertical, the velocity distribution at the 3-D inflow

boundary was assumed to be uniform.

A 2-D grid cell located near RM 193 was chosen to investigate the effects of flow rate
and longitudinal location within the 3-D grid (Figure E-4-12). Water depth at this grid cell is
approximately 3 m. The impact of flow rate on the flux of suspended sediment transported
across the downstream boundary of the near-field region (which is located at the downstream
face of the 2-D grid cell) is shown on Figure E-4-13, which presents the ratio of the 3-D flux to
the 2-D flux. These results indicate that more sediment is transported out of the near-field region
by the 2-D model than the 3-D model, with the 3-D:2-D flux ratio increasing as flow increases.
The 3-D model predicts that more sediment is deposited within the near-field region (Figure E-4-
14). Additional insights from these results are: 1) deposition decreases with increasing flow rate
due to probability of deposition effects; 2) more sediment is deposited when the load release is at
the bottom than at the surface location; and 3) sand deposition is more sensitive to flow rate than

deposition of fine (Class 1) sediment 1.
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For the 2-D far-field model, sediment loading from releases during dredging is input to a
single grid cell, such that the load is uniformly distributed over the entire cell. In contrast, the 3-
D near-field model has 70 grid cells in the longitudinal (along channel) direction, such that the
sediment load can be specified at any of those 70 grid cells. For the 3-D simulation results
discussed above (see Figures E-4-13 and E-4-14), the sediment load was specified in the center
of the 3-D grid (i.e., halfway between the upstream and downstream boundaries of the grid). The
longitudinal location of the sediment release affects the transport of sediment out of the near-
field region and the impacts of this location were evaluated (see Figures E-4-15 and E-4-16).
Generally, the amount of sediment transported out of the near-field region increases as the

release location gets closer to the downstream boundary.

The relative location of the far-field grid cell where the sediment release occurs in the
channel may also affect the transport of solids within the near-field region of the dredge-head.
Variation of solids release location within the channel was investigated at two general areas in
the TIP: 1) in the northern TIP near RM 193; and 2) near Griffin Island. At each of these two
areas, model sensitivity to channel location was evaluated by specifying the solids release point
at three locations: 1) near-shore; 2) approximate mid-point between the shore and edge of
navigation channel; and 3) edge of navigation channel. Results of the analysis in the northern
TIP near RM 193 are presented on Figures E-4-17 and E-4-18. Similarly, results for the area
near Griffin Island are shown on Figures E-4-19 and E-4-20. At both locations, differences
between the 2-D far-field and 3-D near-field predictions of the downstream transport of released

sediment tend to decrease as the release point moves from the near-shore area to the navigation

channel.

The results of this analysis suggest that the 2-D far-field model tends to overpredict the
transport of released sediment from the immediate vicinity of the dredge-head, i.e., the 2-D grid
cell in which sediment loading is specified. Increasing the grid resolution within the immediate
vicinity of the dredge-head through use of a 3-D model results in redeposition of more sediment,
particularly coarser sediment (sand), than is predicted by the 2-D far-field model. The effects of
increased grid resolution on model predictions are complex, as indicated on Figures E-4-13

through E-4-20. This complexity makes it difficult to generalize the results and develop an
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algorithm that might be used to adjust the 2-D model in the grid cell where dredge releases are
specified such that better agreement is achieved between the 2-D and 3-D models within the
immediate vicinity of the dredge-head. Additional work may make it possible to develop-an

adjustment algorithm for the 2-D far-field model at the location of dredge releases.

While these results indicate that the 2-D far-field model tends to overpredict transport of
sediment within the immediate vicinity of the dredgehead, examination of the comparisons of the
2-D and 3-D model results shows that the overprediction is primarily related to coarse sediment
(i.e., sands). Differences in cohesive (Class 1) sediment transport between the 2-D and 3-D
models are generally minor. Thus, simulation of the transport of particle-associated PCBs within
the immediate vicinity of the dredgehead may be minimally affected because the PCBs tend to
be concentrated in the cohesive sediment fraction. Additionally, the 2-D model predicts that
most of the PCBs associated with the coarse sediments do not desorb before redeposition, thus

any overprediction of sand transport does not impact PCB levels predicted at far-field locations.

Linking of Sediment Transport and PCB Fate Models

Sediment transport model results are used in the PCB fate model as follows. The two
models are run in parallel within the model framework. Predicted water column concentrations
and deposition fluxes for all three sediment classes are calculated in each grid cell. This

sediment transport information is then used to calculate PCB partitioning and deposition fluxes.
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E.5  PCB FATE AND TRANSPORT MODELING

E.5.1 PCB Metric

The RFPS specifies criteria for Total PCB concentration and Total and Tri+ PCB flux.
The Tri+ PCB flux criterion was “... derived from the Total PCB criterion and the observation
that the Total PCB to Tri+ PCB ratio in the sediments is approximately 3:1. Since sediments are
the main form of release of PCBs, it is expected that the net addition of Tri+ PCBs will be one-
third that of Total PCBs ...” (Malcolm Pirnie and TAMS 2004). Given the derivative nature of
the Tri+ PCB flux and the desire to keep the resuspension modeling effort tractable, modeling
was conducted for Total PCBs. Compliance with the Total PCB flux criteria was presumed to

ensure compliance with the Tri+ PCB flux criteria.

E.5.2 Overview of PCB Fate and Transport Processes

The purpose of the PCB modeling is to assess the fate and transport of resuspended
material as a result of dredging activity. For this reason, the only sources of PCBs considered
are those caused by resuspension during dredging. Other sources, such as resuspension due to
other dredging-related activities (e.g., barge movement, debris removal, control structure
placement), upstream loadings, flow-induced resuspension (i.e., bed erosion), and diffusional
loads from the sediment bed are not included in the simulations. As shown in Figure E-1-2, the
relevant PCB kinetic processes are sorption/desorption and volatilization. The PCB desorption
process is integral to predicting the fate of resuspended PCBs as a result of dredging because
sorbed PCBs will be transported with sediment particles while dissolved PCBs will be
transported with the water. Volatilization from the river, while not expected to be a major loss
mechanism of PCBs, is also included in order to assess the amount of PCBs released to the

atmosphere as a result of dredging.
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E.5.3 Model Description

Desorption Kinetics Sub-Model

In the analyses of organic compounds in natural waters, it is common practice to assume
equilibrium partitioning between the aqueous and sediment-sorbed chemical phases. This
implies that the kinetics of adsorption and desorption are much faster than the processes affecting
PCBs. Sorption has fast and slow stages (Pignatello and Xing 1996). The fast stage has a time
scale of minutes to hours, whereas the slow stage’s time scale is weeks to months. The
conventional conceptual model of biphasic sorption includes a reversibly sorbing component

with fast stage kinetics and a resistantly bound component with slow stage kinetics.

It appears that sediments have a limited capacity for resistant sorption. Studies with field
contaminated Hudson River sediments (Carroll et al. 1994) and laboratory-contaminated
sediments (Kan et al. 1997) indicate a saturation of the resistant compartment at environmentally
relevant concentrations of sorbed contaminant. Carroll et al. (1994) found that about 1000 ug
Total PCB/g organic carbon was resistantly bound in Hudson River sediments with total sorbed
PCB concentrations ranging from 2500 to 8700 ug Total PCB/g organic carbon. Kan et al.
(1997) found that the resistant component on a river sediment saturated at about 2400 ug

naphthalene/g organic carbon and about 70 ug 2,2°,5,5" tetrachlorobiphenyl/g organic carbon.

Ignoring biphasic sorption by assuming instantaneous equilibrium introduces error in the
PCB fate model. The equilibrium model over-estimates desorption of PCBs from resuspended
sediment depending on the time scales of slow desorption. This will result in over-estimation of
PCB flux from sediments and downstream transport of PCBs. The significance of this over-

estimation depends on the magnitude of resuspension and the fraction of the sediment PCB that

1§ resistantly sorbed.

In dredging analyses, the transport of contaminated sediments occurs on relatively short
time scales (i.e., minutes to hours). For environmental analyses that occur on such short scales,
comparable to that of labile desorption, the kinetics of desorption cannot be ignored.

Equilibrium partitioning is not a good approximation. Any accurate modeling analysis of the
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fate and transport of sediment-sorbed organic contaminants introduced into the water column as

a result of dredging must consider the dynamics of chemical desorption.

It has been proposed that the differential rates of organic compound desorption arise from
the disparate diffusional rates of adsorbed chemical from swollen and condensed phases of
organic matter (Pignatello 1990). Another common conceptual model is the radial diffusion
model proposed by Wu and Gschwend (1986). A conceptual model that considers both disparate
phases and radial diffusion was proposed by Famularo et al. (1980). This model assumes that the
particle consists of two compartments, an outer shell and an inner core. Instantaneous
equilibrium is assumed between the bulk aqueous phase chemical and the immediate surface of
the outer shell. Diffusional processes are responsible for the transport from the surface of the
shell to the interior of the shell as well as the transport from the shell interior to the inner core.
Figure E-5-1 shows the conceptual model. Desorption from the outer shell is responsible for the
fast labile phase of PCB desorption, while diffusion from the inner core to the outer shell
controls the slow refractory phase desorption. This model was successfully applied to the

desorption of the pesticide Kepone from resuspended sediments (Connolly et al. 1983).

Using this model and assuming constant particulate density and organic carbon content,

the transfer rate of labile to dissolved PCB is given by:
dC 3*K,*m #1000
d - ! I s (E-5-1)
dt 1000*R* p I K

The transfer rate of the refractory to labile phase of PCB is given by:

r,=r. ] (E-3-2)

dC_ _(3*K_*ratio, *m *{
dr

where: Cy = dissolved chemical concentration (mg/L)

C. = core (refractory) chemical concentration (mg/L)
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1. = core (refractory) chemical concentration on a mass basis (mg/g)
r; = shell (labile) chemical concentration (mg/g)

m = solids concentration (g/L)

K¢ = diffusion rate constant for the shell (cm/s)

K. = diffusion rate constant for the core (cm/s)

foc = fraction organic carbon

K.w = octanol-water partition coefficient (L/kg)

p = particle density (g/cc)

R = radius of shell (particle radius) (cm)

ratiog = ratio of core/shell radius (<1)

With this model, most parameters depend on properties of the sediment particles; the only

chemical-dependent property is the octanol-water partition coefficient.

Volatilization

Volatilization is the process by which PCBs are transported across the air-water interface.
A chemical’s tendency to volatilize is determined by the ratio of its equilibrium activities in air
and water (Henry's Constant). This ratio is a fundamental property of the chemical that is
defined by Henry’s Law. The value of Henry’s Constant may be calculated from the vapor
pressure of the chemical and its solubility in water (i.e., Henry’s Constant equals the vapor
pressure divided by the solubility) or it may be calculated from the equilibrium ratio of gas phase
and water phase concentrations in a laboratory experiment. A high Henry’s Constant is
indicative of a volatile chemical that preferentially accumulates in the air phase. A low Henry’s
Constant is indicative of a non-volatile chemical that preferentially accumulates in the water
phase. Values of Henry’s Constant are presented either in units of partial pressure per unit
aqueous concentration (e.g., atm-m’/mol) or as a dimensionless ratio of concentrations (e.g.,
(mol/m™)/(mol/m?)). The dimensionless ratio is derived from the dimensioned ratio by dividing
by the product of the universal gas constant and absolute temperature, i.e., RT, thus converting

pressure into concentration using the ideal gas law.
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Volatile chemicals have dimensionless Henry’s Constants greater than about 0.1 (0.0025
atm-m>/mol). As points of reference, the highly volatile chemicals vinyl chloride and oxygen
have Henry's Constants at 20°C of about 4 and 21 (0.1 and 0.5 atm-m’/mol), respectively.
Numerous experimental determinations of Henry's Constants for PCBs have been published
(e.g., Bopp 1983, Burkhard et al. 1985, Murphy et al. 1987, Dunnivant and Elzerman 1988,
Brunner et al. 1990). These studies have used various methodologies that have yielded differing
estimates. Values range from about 0.05 to 0.0005. They are highest for the lowest chlorinated
congeners and decrease as chlorination increases. Values for Aroclors 1242 and 1254, as
reported by Murphy et al. (1987) are about 0.1 and 0.008, respectively. While all of the reported
PCB Henry's Constants are below the level of volatile chemicals, they are of sufficient

magnitude to make volatilization a significant process, particularly in systems with large surface

areas and long residence times.

The PCB Henry’s Constants have a positive dependency on temperature. Laboratory
data indicate an approximate doubling of the Henry's Constant for every 10°C temperature
increase (Tateya et al. 1988, ten Hulscher et al. 1992), however, for this modeling application,

the Henry's Constant was held constant at the 25°C value

The rate at which volatilization occurs is dependent on the mass transfer coefficient at the
air-water interface and the concentration of PCBs in the water column. Only freely-dissolved
PCB can be transported across the interface and sorption to particulate or dissolved organic

carbon reduces volatilization. The equation used to describe PCB flux due to volatilization i3 as

follows:

S, = k—’“[c— Zai J
R\ H (E-5-3)

where: 5, is the PCB volatilization flux: k. is volatilization mass transfer coefficient; h is
the water depth; c is the dissolved phase PCB concentration in water; ¢y 15 vapor-

phase PCB concentration in air; and H is dimensionless Henry's Constant.
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The mass transfer coefficient (ki) is dependent on the rates of mass transfer through
relatively thin layers of water and air at the interface, which are in turn dependent on the
concentration gradients in the layers, and the diffusivity of PCBs in the layers (O’Connor 1983,
1984).

k, =—2= (E-5-4)

where: k, is vapor-phase mass transfer coefficient and k is water-phase mass transfer

constant.

E.5.4 Model Development

Development of the PCB fate model required specification of model inputs associated

with the dredge resuspension loads, desorption, and volatilization.

Resuspension PCB Loads

Total PCB concentrations in the sediment bed are calculated in the following manner.
Sediment volumes, based on primary texture description, are calculated for Thiessen polygons
and grid cells as described in Section E4.3. Using core data, a volume-weighted average
concentration by primary texture description is calculated down to the average dredge depth for
each Thiessen polygon. Both measured Total PCB concentrations and extrapolated Total PCB
concentrations are used for CL 1A, 2A, 2B, 2E, 2F, and 2G. Only measured concentrations are
used for CL 2C, 2R, 2D, and 2H. Abandoned locations are not included. The average Total
PCB concentrations for each primary texture description in a Thiessen polygon are used to

calculate a volume-weighted average Total PCB concentration for each grid cell by texture

description.

In order to estimate PCB concentrations for the three sediment classes used in the model,

the correlations developed in Section E.4.3 (Figure E-4-8) are used to calculate the average PCB
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concentration for each of the sediment classes. These estimated concentrations are weight-
averaged for the three sediment classes. Figures E-5-2 through E-5-4 show the average PCB

concentrations for the three sediment classes used in the modeling.

Desorption

The experiments performed by Carroll et al. (1994) was used to calibrate the PCB
desorption parameters. These experiments were considered to be the most appropriate source of
published data as it used field contaminated Hudson River sediments. Recent experiments
performed by Schneider et al. at the University of Maryland also have used field contaminated
Hudson River sediments. Some results of these experiments have been presented (Schneider

2004); however, the results have yet to be published.

Carroll’s experiments observed both short-term (days) and long-term (months) desorption
of PCBs from Hudson River sediments for a range of contaminant levels from 25 to 205 mg/kg.
The short-term portion of the desorption curve was chosen as the main calibration target. This
was chosen since the relevant time scales of transport between dredging locations and
monitoring stations (near and far-field) are on the order of minutes to hours. Moreover, the
desorption of 25 mg/kg contaminated sediment was used as it was felt that that level was
representative of the average levels found in the TIP. Figure E-5-5 shows the portion of this data

set that was used for calibration.

Inspection of Equations E-5-1 and E-5-2 shows a number of parameters are needed for
calibration. The organic carbon content was measured at 0.96%. The average particle radius
was estimated to be 220 um. Particle density was assumed at 2.65 g/cc based on typical values
for sand. The octanol/water partition coefficient, K, has been shown to be approximately
linearly related to laboratory determined K. values (Karickhoff 1981, 1984; Baker et al. 1997)
and it is common to assume that K, is equal to K. Since Kg, values of PCBs range over 3
orders of magnitude, increasing with increasing chlorination, the appropriate K, value to
describe partitioning of PCBs as a group (Total PCB in the model) will depend on congener
composition. Paired dissolved and particulate water data collected in the Upper Hudson River at

Thompson Island and Schuylerville in 2004 and 2005 (BMP, QEA and ESI 2004) yield an
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average total PCB K. of 10°*, Usin g the data shown in Figure E-3-5, the model was calibrated
(also shown) with a very high degree of agreement between model and data. The calibrated

parameters are given in Table E-5-1.

Table E-5-1. Desorption sub-model calibration parameters.

Parameter Value Units

% 0.25 cm/min

K. 1.0x107° cm/min
ratiog 0.75
fret 0.47

To assess the validity of the desorption sub-model, the model was compared to the results
of the Treatability Studies (DRET) performed by General Electric Company as described in the
main body of the Intermediate Design Report. These experiments investigated the settling and
PCB desorption of sediment by adding water to sediments, thoroughly agitating for one hour,
and then allowing to sit for one hour. After this, the overlying water was analyzed for sediment
and PCB. Although the intense and prolonged agitation of the sediments is not representative of
field conditions during dredging, these data were used a semi-quantitative validation of the
desorption model. Figure E-5-6 shows the dissolved PCB concentration predicted by the model
compared to the DRET results. Generally, the model fell within the range of the observed data.
There seems to be a slight underprediction of desorption of the model, however, this may be a

result of increased desorption due to the intense agitation of these sediments.

The desorption sub-model also agrees with the results (as yet unpublished) of
experiments conducted by Schneider et al. (2004). During these experiments, contaminated
Hudson River sediments were resuspended with very low turbulence in large tanks. The
resuspension ‘event’ lasted for three days. This was repeated three times with a one-day
quiescent phase in between each resuspension phase. The sediment and PCB concentrations
were monitored during each simulated event. For the purposes of predicting desorption due to
dredging, only the first simulated resuspension event is appropriate. During this event 20% of
total PCBs desorbed during the first hour and 40% desorbed during the first six hours. The six
hour desorption is most representative of the labile portion of the PCB desorption. Assuming

this value represents the entire labile phase desorption, it can be compared to the desorption sub-
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model calibration parameter, f.f, from Table E-5-1. The initial fraction labile in the model is

therefore 53% (1-f.), and is generally comparable to the 40% found by Schneider et al.

Volatilization

The overall volatilization mass transfer coefficient was calculated from water phase and
vapor phase mass transfer coefficients and from Henry's Constant as indicated in Equation E-5-4
The Henry’'s Constant for Total PCBs used in the model calculations was estimated as the
average of the values for the di-chlorinated congeners reported by Brunner et al. (1990) at 25°C.
Both experimentally determined and calculated Henry's Constants were included in the average
to yield a Henry’s Constant of 23.7 Pa-m3/mol (0.0136 unitless). Brunner’s predictive equation
calculates Henry’s Constants based on the number of chlorine atoms and number of chlorine

atoms in the ortho position:

Log H' =-1.38-0.32(no. of CI) + 0.18(no. of 0-Cl) (E-5-5)

Using an average Henry's Constant for di-chlorinated PCBs is a conservative estimate for
Total PCBs which allows for the evaluation of the importance of volatilization losses during

dredging.
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E.6  SIMULATION OF DREDGING OPERATIONS

E.6.1 Development of a Dredge Plan

The details of the development of the dredging plan are given in the main body of the
Intermediate Design Report. The dredging schedule was based on same the numerical grid that
was used for the resuspension modeling. The sediment volumes to be dredged were divided into
discrete volumes that reside below each corresponding river grid element. The total sediment
mass removed, dredge ID numnber, dredge start time, and dredge end time were specified for each
of these grid cells A base dredging plan was developed assuming no structural resuspension
controls. The planned dredging utilizes four dredges and covers the period from May 21, 2007

to October 2, 2007. Table E-6-1 presents the schedule used for the dredging simulations.

Figures E-6-1a and E-6-1b show graphical representations of the dredging schedule.

Table E-6-1. Dredging schedule for May 21 to October 2, 2007.
=

Dredge Eng. Design
Grid ID Dredge D Consideration | Factored Start Ti Finish Ti
Area Dredge Weight Time mualiaces i ol o
(1,2,3,4)
1 1 (tons) (hr)

20 | 20 NTIPDI 1 2X5 0.7 03/21/07 00:00 | 03/21/07 00:43
20 | 21 NTIPOI I 421.8 11.7 05/21/07 00:43 | 05/21/07 12:24
20 |22 NTIPOL 1 536.2 17.3 05/21/07 12:24 | 05/22/07 05:45
20 | 23 NTIPOI 1 63.8 2.1 05/22/07 05:45 | 05/22/07 0748
21 |19 NTIPOI 1 130.9 4.2 05/22/07 O07:48 | 05/22/07 12:02
21 | 20 NTIP(I | 1380.7 44.6 05/22/07 12:02 | 05/24/07 08:41
21 |21 NTIPOI 1 2096.3 117.8 | 05/24/07 08:41 | 05/31/07 06:30
21 | 22 NTIPO! 1 1603.3 105.1 05/31407 06:30 | 06/05/07 15:39
22 |19 NTIPO 1 6.9 0.2 068/05/07 15:39 | 06/05/07 15:52
22 |20 NTIPO1 1 928.3 60.9 06/03/07 15:52 | D&/I08/07 04:45
22 | 21 NTIPO1 1 1207.1 67.9 O8/0B/0T 04:45 | 06/12/07 (k36
22 | 22 | NTIPOI/NTIPO2A 1 | 1051.4 68.9 06/12/07 00:36 | 06/14/07 21:33
22 | 23 | NTIFOI/NTIPDZA 1 | 423.2 20.5 06/14/07 21:33 | 06/15/07 18:05
23 | 22 NTIPDZA 1 | 34 0.3 06/16/07 00:00 | 06/16/07 DD:16
23 123 NTIPD2A 1 | 0.3 0.0 06/16/07 00:16 | 06/16/07 00:17
24 |21 NTIPDZA | 0.5 0.0 06/16/07 00:17 | 06/16/07 00:18
24 | 22 NTIPOZA 1 2.3 0.2 06/16/07 00:18 | 06/16/07 00:32
24 |23 NTIPD2A 1 0.0 0.0 06/16/07 00:32 | 06/16/07 00:32
23 | 21 NTIPOZA | 29.7 1.6 06/16/07 D0:32 | 06/16/07 02:05
25 | 22 NTIPDZA 1 101.0 9.9 06/16/07 02:05 | 06/16/07 12:01
25 | 23 NTIFDZA 1 3.8 0.1 06/16/07 12:01 | 06/16/07 12:00
26 |21 NTIPD2A 1 126.9 3.5 06/16/07 12:09 | 06/16/07 15:40
26 | 22 NTIPDZA 1 314.8 20.6 06/16/07 15:40 | 06/18/07 12:18
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Dredge Eng. Design [
Grid ID Dredge D Consideration | Factored Start Thme Finish Time
Area (1.2.3.4) Dredge Weight Time
1 ] Al (tons) {hr)
26 | 23 NTIPOZA 1 38.2 1.9 061807 12:18 | 06/18/07 14:09
27 | 20 NTIPOZA 1 444 1.4 06/18/07 14:00 | 0&/18/07 15:36
27 | 21 NTIPOZA 1 257.0 14.4 O6/18/07 15:36 | 06/19/07 06:02
27 | 22 | NTIPOZA/NTIPOZB 1 402.3 39.6 06/19/07 06:02 | 0620007 21:37
27 |23 NTIPO2A 1 18.4 0.9 06/200/07 21:37 | 06/20/07 22:30
28 | 19 NTIPO2ZB 1 14.0 03 06/21/07 00:00 | 06/21/07 00:20
28 | 20 NTIF)2B 1 474.6 15.3 06/21/07 00:20 | 06/21/07 15:40
28 | 21 NTIPO2B 1 560.1 15.5 DE2107 15:40 | 06/22/07 07:12
28 | 22 NTIPO2B 1 621.0 20.1 08/22/07 07:12 | 06/23/07 03:16
2% | 23 NTIPO2ZB 1 58.9 1.4 06/23/07 03:16 | 06/23/07 04:42 |
29 | 19 NTIPO2B 1 138.1 34 06/23/07 04:42 | 06/23/07 08:03
29 | 20 NTIPZB 1 5724 28.2 06/23/07 08:03 | 06/25/07 12:12
20 | 21 NTIPO2B ] 906.5 18.8 DA25/07 12:12 | 06/26/07 07:02
20 | 22 NTIPO2B 1 737.0 17.9 Da26/07 07:02 | 06/27/07 D0:34
9 |23 NTIPOZB 1 783.6 19.0 06/27/07 00:54 | 06/27/7 19:535
30 | 19 NTIFD2ZB 1 5637 13.7 06/27/07 19:55 | (06/28/07 (09:35
30 | 20 NTIPOZB i 906.2 44.6 06/28/07 09:35 | 06/30/07 06:10
30 | 21 NTIPO2B 1 791.9 16.5 0630407 06:10 | 06/30¢/07 22:37
a0 | 22 NTIPOZB 1 41.5 1.7 063007 22:37 | 07/02/07 00:22
30 | 23 NTIFOZB ] 64.2 1.6 070207 00:22 | 070207 01:55
31 |19 NTIPOZB 1 §38.2 41.2 070207 01:55 | 07/03/07 19:00
31| 20 NTIFO2B 1 1174.9 24.4 070307 19:09 | 07/03/07 19:34
31 | 21 NTIPO2B | 963.0 20,0 O7/05/07 19:34 | 07/06/07 15:35
31 | 22 NTIPOZB ] 824.6 30.0 07/06/07 15:35 | 07/07/07 21:34
31 | 23 NTIPO2B 1 440 1.1 07/07/07 21:34 | O7/07/07 22:38
32 18 NTIPO2B | 221.9 5.4 O7/07/07 22:38 | 07/09/07 04:01
32 |19 NTIPOZB 1 3893.0 944 O07/0%/07 04:01 | 07/13/07 02:24
32 | 20 NTIFO2ZB 1 20712 61.7 07/13/07 02:24 | 07/16/07 16:08
32 | 21 NTIPOZB 1 1532.8 319 07/16/07 16:09 | 07/18/07 00:00
32 | 22 NTIFO2BE 1 12953 47.1 O07/18/07 00:00 | 07/19/07 23:07
32 |23 NTIF2B 1 227.1 8.3 07719407 23:07 | 07/20/07 07:22
33 | 18 NTIPOZB 1 67.3 24 0720007 07:22 | 07/20/07 09:49
33 |19 NTIPO2B 1 1320.3 48.0 O7/20007 09:49 | 07/23/07 09:30
33 | 20 NTIPOZB 1 2109.1 76.7 07/23/07 09:50 | 07/26/07 14:32
33|21 NTIFO2ZB 1 1555.1 36.6 07/26/07 14:32 | O7/28/07 23.06
33 | 22 NTIPOZB i 1389.8 50.6 O07/28/07 23:06 | 080107 01:41
33 | 23 NTIP)ZE 1 27.7 1.0 Q017 01:41 | 080107 (02:41
34 |19 NTIPO2B 1 1196.3 29.0 080107 02:41 | 08A2/07 07:41
34 | 20 NTIPOZB 1 13394 38.2 08207 07:41 | 0B/03/07 21:55
35 |19 NTIPO2B 1 905.8 22.0 D8/M3/07 21:55 | 08/04/07 19:32
35 | 20 NTIPOZB 1 21554 44.8 080407 19:52 | 08/07/07 16:40
36 | 19 NTIPO2B I 1581.7 38.3 ORA7/07 16:40 | 0B/0907 07:01
36 | 20 NTIPOZB 1 31252 4.9 08/09/07 07:01 | 08/12/07 23:538
37 | 18 NTIPOZB i 0.5 0.2 08/12/07 23:58 | 08/13/07 012
37 | 19 NTIPOZB 1 713.1 17.3 081307 00:12 | 08/13/07 17:29
37 | 20 NTIP)ZB ] 1168.7 243 08/13/07 17:20 | 0B/14/07 17:46
38 | 17 NTIPO2B 1 169.5 4.1 08/14/07 17:46 | 08/14/07 21:33
3% | 18 NTIPO2ZB 1 651.0 15.8 08/14/07 21:53 | 08/15/07 13:40
38 | 19 NTIFD2B 1 735.0 17.8 08/15/07 13:40 | 08/16/07 07:29
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Dredge 1_-1'ng+ : G
Grid ID Dredge m | Consideration | Factored | o\ iy | Finish Time
Area (1.2.3.4) Dredge Weight Time
I ] T (tons) (hr)
39 | 16 NTIPOZB 1 673 1.6 08/16/07 07:29 | 08/16/07 09:07
39 117 NTIPO2B 1 T4.6 17.1 08/16/07 09:07 | 08/17/07 02:12
39 | 18 NTIPO2B 1 610.1 14.8 0817007 02:12 | 08/17/07 17:00
40 | 15 | NTIPO2B/NTIPO2F ] 260.8 0.5 08/17/07 17:00 | 08/18/07 02:29
14 g NTIPO2C 2 31.5 1.3 06/18/07 00:00 | 06/18/07 01:18
15 2 NTIPO2C 2 92.0 3.8 06/ 18/07 01:18 | 06/18/7 05:08
15 3 NTIPD2C 2 186.3 1.1 06/18/07 05:08 | 06/18/07 12:52
15 | 4 NTIPO2C 2 170.4 1.1 06/18/07 12:52 | 06/18/07 19:57
15 ] 5 NTIPO2C 2 210.7 17.8 06/18/07 19:37 | 06/19/07 13:43
15 6 NTIPO2C 2 203.7 8.5 06/19/07 13:43 | 06/19/07 22:11
16 1 NTIPO2C 2 167.3 8.1 06/19/07 22:11 | 06/20/07 06:18
16 | 2 NTIPO2C 2 355.7 35.0 06/20/07 06:18 | 0621707 17:18
16 | 3 NTIPO2C 2 251.1 10.4 0621407 17:18 | 06/22/07 03:44
16 | 4 NTIPO2C 2 149.1 6.2 0622007 03:44 | 06/22/07 09:56
16 | 5 NTIPO2C 2 148.9 6.2 0622407 09:56 | 06/22/07 16:07
16 | 6 NTIPO2C 2 258.3 10.7 06/22/07 16:07 | 06/23/07 02:51
17 | O NTIPO2C 2 258 1.3 06/23/07 02:51 | 06/23/07 04:06
17 1 NTIPO2C 2 148.9 7.2 06/23/07 04:06 | 06/23/07 11:20
17 2 NTIPO2C 2 162.1 6.7 06/23/07 11:20 | 06/23/07 18:04
17 | 3 NTIPO2C 2 70.5 2.9 06/23/07 18:04 | 0&/23/07 21:00
17 | 4 NTIPD2C 2 60.3 2.5 06/23/07 21:00 | 06/23/07 23:30
17 | .5 NTIP02C 2 347.5 29.3 06/23/07 23:30 | 06/26/07 04:48
17 ] NTIPO2C 2 300.6 12.5 06/26/07 (4:48 | 06/26/07 17:17
18 | 3 NTIP02C 2 77.4 3.2 06/26/07 17:17 | 06/26/07 20:30
18 | 4 NTIPO2C 2 293.8 12.2 06/26/07 20:30 | 06/27/07 08:43
18 | 5 NTIPO2C 2 314.0 13.0 06/27/07 08:43 | 06/27/07 21:46
19 | 0 NTIPD2C 2 30.5 1.5 0627007 21:46 | 06/27/07 23:15
19 1 NTIPO2C 2 101.9 4.9 O6/27/07 23:15 | 06/28/07 04:11
19 | 2 NTIPD2C 2 161.7 6.7 O6/28/07 04:11 | 06/28/07 10155
19 3 NTIPO2C 2 319.3 26.9 06/28/07 10:55 | 06/29/07 13:50
19 | 4 NTIPO2C 2 347.2 14.4 06/29/07 13:50 | 06/30/07 04:16
20 1 0 NTIPO2C 2 26.8 1.3 D6/30/07 04:16 | 06/30/07 05:34
20 1 NTIPO2C 2 221.9 11.1 0630007 05:34 | 06/30/07 16:37
20 | 2 NTIPO2C 2 310.9 26.2 06/30/07 16:37 | 07/02/07 18:50
20 | 3 NTIPO2C 2 353.5 14.7 07/02/07 18:50 | 07/03/07 09:31
20 | 4 NTIPOZC 2 371.6 15.4 07/03/07 09:31 | 07/05/07 00:58
21 0 NTIPD2C 2 0.0 0.0 07/05/07 00:38 | O7/05/07 00:58
21 1 NTIPO2C 2 192.2 18.9 07/05/07 00:58 | 07/05/07 19:52
21 2 NTIPO2C 2 346.5 202 07/05/07 19:52 | 07/07/07 01:05
21 3 NTIP(2C 2 399.9 337 07/07/07 01:05 | 07/09/07 10:49
21 4 NTIPO2C 2 415.7 350 07/09/07 10:49 | 07/10007 21:51
2] 3 NTIPO2C 2 4139 349 O/ 10007 21:51 | 07712007 08:45
22 10 NTIPD2C 2 23 0.2 07/12/07 08:45 | 07/12/07 08:55
22 1 NTIPO2C 2 291.2 21.2 07/12/07 08:55 | 07/13/07 06:06
22 ] 2 NTIPO2C 2 627.3 45.6 07/13/07 06:06 | 07/16/07 03:44
22 3 NTIPO2C 2 410.5 60.6 O7/16/07 03:44 | O7/18/07 16:18
22 | 4 NTIPO2C 2 442.0 32.1 07/18/07 16:18 | 07/20007 00:27
22 15 NTIPO2C 2 457.5 33.3 07/20/07 00:27 | 07/21/07 09:43
23 1 0 NTIPO2C 2 39.3 2.2 07/21/07 09:43 | 07/21/07 11:53
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Dredge ?.ng. ‘ Design
Grid ID Dredge | Consideration | Factored | o qere | Finish Time
Area (1.2.3.4) Dredge Weight | Time
I ] it {tons) {hr)
23 1 NTIPO2C 2 488.3 17.8 07/21/07 11:53 | 07/23/07 05:39
23 2 NTIPO2C 2 462.2 19.5 07/23/07 05:39 | 0724707 01:08
23 3 NTIPO2C 2 380.7 7.9 0724407 01:08 | 07/24/07 09:03
23 4 NTIFQ2C 2 531.0 11.2 0724007 09:03 | 07/24/07 20:13
23 5 NTIPD2C 2 547.1 11.4 0724007 20:13 | 07/25/07 07:35
24 0 NTIPO2C 2 209 0.5 07/25/07 07:35 | 0772507 08:05
24 i NTIPOZC 2 4447 10.8 07/25/07 08:05 | 07/25/07 18:53
24 2 NTIPO2C 2 544.2 11.3 07/25/07 18:53 | 07/26/07 06:11
24 3 NTIPO2C 2 GE4.1 14.2 0726/07 06:11 | 07/26/07 20:24
24 4 NTIPO2C 2 364.4 15.4 0726007 20:24 | 07/27/07 11:46
24 5 NTIPO2C 2 430.1 3.9 07727007 11:46 | 07727007 20:42
25 0 NTIPOZC 2 31.2 1.3 07/27/07 20:42 | 07/27/07 21:50
25 1 NTIPO2C 2 371.7 13.5 O7/2707 21:50 | 07/28/07 11:21
25 2 NTIPO2C 2 684.8 50.5 0728007 11:21 | 07/31/07 13:53
23 3 NTIPD2C 2 1084.9 39.5 O7/31/07 13:53 | 08/02/07 05:20
25 4 NTIPO2C 2 523.6 190} 08/02/07 05:20 | 08/0307 00:22
25 3 NTIPO2C 2 102.2 6.0 08/03/07 00:22 | 080307 06:24
26 | O NTIPO2C 2 12.8 0.3 08/03/07 06:24 | 08A03/07 06:43
26 1 NTIPOZC 2 257.8 6.3 ORA03/07 06:43 | D8/03/07 12:58
26 2 NTIPO2C 2 466.4 11.3 OB/03/07 12:58 | O8/04/07 00:17
26 3 NTIFO2C 2 179.1 37 ORO0T 00:17 | 0B/04/07 04:00
26 4 NTIPO2C 2 269.2 5.6 080407 04200 | 08/04/07 09:36
26 15 NTIF)2C 2 4343 9.0 0804007 09:36 | 08/04/07 18:37
27 0 NTIPO2C 2 T8.6 1.9 OB/O4/07 18:37 | 08/04/07 20:32
27 1 NTIPO2C 2 312.3 1.6 OR04/07 20032 | 0B/06/07 04:06
27 2 NTIPO2C 2 507.2 10.5 0B/06/07 04:06 | 0B/06/07 14:38
27 3 NTIFQ2C 2 140.8 29 OR06/07 14:38 | 0D8/06/07 17:34
27 4 NTIPO2C 2 12.3 03 OR/DG/0T 17:34 | DEOGADT 17:49
27 5 NTIPO2C 2 182.8 4.4 08/06/07 17:49 | 08/06/07 22:15
28 0 NTIPO2C/NTIPOZE 2 1503 3.6 08/06/07 22:15 | 08707 01:54
28 1 NTIPDZC/INTIPOZE 2 492.6 11.9 OBO7/07 01:54 | 0BATIOT 13:51
28 2 NTIPO2C/NTIPOZE 2 140.0 2.9 080707 13:51 | OB/T/OT 16:45
28 | 4 NTIPOZE 2 10.4 0.3 ORABOT 0000 | 08/08/07 00:15
28 5 NTIPOZE 2 3.7 0.2 OB/08/07 00:15 | O/0807 Q0:27
29 0 NTIPZE 2 237.5 8.6 08/08/07 00:27 | 08/08/07 09:06
29 1 NTIPOZE 2 304.2 7.4 08/08/07 09:06 | DB/AOB/0T 16:29
29 2 NTIPOZE 2 3155 6.6 08/08/07 16:29 | 080807 23:02
29 3 NTIPOZE 2 79.4 1.6 OB/08/07 23:02 | 0B/09/07 k41
29 | 4 NTIPOZE 2 226.2 5.5 O8/09/07 00:41 | 0B/05/07 06:10
20 3 NTIPOZE 2 210.0 10.3 0R/09/07 06:10 | 08/09/07 16:30
30 1 NTIPOZE 2 350.6 8.3 03/009/07 16:30 | 08/10/07 01:00
30 2 NTIPOZE 2 458.1 22.5 08/10/07 01:00 | 08/10/07 23:32
30 3 NTIPOZE 2 200.3 4.2 08/10/07 23:32 | 08/11/07 03:42
30 4 NTIPOZE 2 336.5 8.2 08/11/07 03:42 | 08/11/07 11:51
30 i) NTIPOZE 2 458.6 11.1 08/11/07 11:51 | Q8/11/07 22:59
31 | NTIPOZE 2 194.2 4.7 08/11/07 22:59 | (8/13/07 03:41
31 2 NTIP(ZE 2 348.5 8.5 O8/13/07 03:41 | 08/13/07 12:08
31 3 NTIPOZE 2 27.0 0.9 08/13/07 12:08 | 08/13/07 13:03
31 4 NTIPOZE 2 330.2 13.9 08/13/07 13:03 | 08/14/07 02:58
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Dredge l_*lng. , | Design
Grid ID Dredge D Consnderatjun Fﬂt}ur\ed SR Finish Time
Area (123.4) Dredge Weight | Time

I 1 L (tons) (hr)

31 | 5§ NTIPOZE 2 666, 1 16.1 08/14/07 02:58 | 08/14/07 19:07
32 | 1 INTIPOZE 2 269.0 6.5 08/14/07 19:07 | 08/15/07 01:39
32 | 2 NTIFPO2E o 460.0 11.2 08/15/07 01:39 | 08/15/07 12:48
32 | 3 NTIFO2E 2 370.0 7.7 D8/15/07 12:48 | 08/15/07 20:29
32 | 4 NTIPOZE 2 534.9 11.1 08/15/07 20:29 | 0&/16/07 07:36
32 | 5 NTIPOZE 2 356.5 11.6 08/16/07 07:36 | 08/16/07 19:10
33 |1 NTIPO2E p) 326.4 7.9 08/16/07 19:10 | 08/17/07 03:05
33| 2 NTIP(OZE 2 607 .4 14.7 08/17/07 03:05 | 08/17/07 17:49
33 | 3 NTIPOZE 2 572.9 11.9 08/17/07 17:49 | 08/18/07 05:43
33 | 4 NTIFO2E 2 476.9 9.9 OR/18/07 05:43 | 08/18/07 15:38
33 k] NTIPOZE 2 385.7 8.0 0&/18/07 15:38 | 08/18/07 23:39
33 | 6 NTIFO2E 2 1636.0 34.0 08/18/07 23:39 | O%/21/07 09:39
4|0 NTIP(ZE 2 253.6 0.6 082107 09:39 | 082107 10:16
34 | 1 NTIP(ZE 2 320.9 1.8 08/21/07 10:16 | 08/21/07 18:03
34 2 NTIPOZE 2 541.1 13.1 08/21/07 18:03 | 08/22/07 07:10
34 | 3 NTIFO2E 2 597.1 25.2 0R/22/07 07:10 | 08/23/07 08:21
34 4 NTIPO2E 2 252.3 3.2 08/23/07 08:21 | 08/23/07 13:35
34 | 5 NTIPOZE 2 166.0 3.5 08/23/07 13:35 | 08/23/07 17:02
4 | 6 NTIP2E 2 19393 40.3 08/23/07 17:02 | 08/25/07 09:20
55 1 NTIPOZE 2 216.2 5.2 08/25/07 09:20 | 08/25/07 14:35
5.1 2 NTIPI2E 2 451.7 22.2 08/25/07 14:35 | 08/27/07 12:4%
35 3 NTIPOZE 2 5247 10.9 0827007 12:48 | 08/27/07 23:42
35 | 4 NTIPO2E 2 474.2 9.9 08/27/07 23:42 | 0&/28/07 (9:34
35 5 NTIPOZE 2 26.0 0.3 08/28/07 0934 | 08/28/07 10:06
35 )| 1 NTIFO2E 2 26.9 0.6 08/28/07 10:06 | 0B/28/07 10:40
36 | 1 NTIPOZE/NTIPO2F 2 141.9 32 | OB/28/07 10:40 | 08/28/07 15:50
36 | 2 | NTIPOZE/MNTIPO2F 2 268.7 6.5 O8/28/07 15:50 | 08/28/07 22:20
36 | 3 | NTIPOZENTIPOZF i 99.7 2.1 0B/28/07 22:20 | DB/29/07 00:25
36 | 4 NTIP(ZE 2 1322 2.7 08/20/07 00:25 | 08/29/07 03:10
6 | 5 NTIP(OZE 2 20.7 0.4 08/29/07 03:10 | 08/29/07 03:35
6 | 7 NTIPO2F 2 89.7 19 O8/30/07 00:00 | 08/30/07 01:51
37 | 1 NTIPO2F o 160.2 3.9 0R/30/07 01:51 | 08/30/07 05:44
it | 2 NTIPO2F Z 267.8 | 6.3 08/30/07 05:44 | 08/30/07 12:14
37 ] 3 NTIP2F g 335.6 | 1441 0830007 12:14 | OR/31/07 02:23
37 | 4 NTIP(2F 2 73.9 1.5 08/31/07 02:23 | 08/31/07 03:55
3T L5 NTIPO2ZF 2 25.9 0.5 083107 03:55 | 083107 04:27
37 | 6 NTIPOZF 2 195.6 4.1 08/31/07 04:27 | 08/31/07 08:31
i3 | 0 NTIFO2ZF 2 7 0.3 08/31/07 08:31 | 08/31/07 0R:48
38 | 1 NTIPOZF 2 305.0 111 08/31/07 08:48 | 0B/31/07 19:54
B | 2 NTIF02F 2 264.7 6.4 08/31/07 19:54 | 09/01/07 02:19
8| 3 NTIP(2F 2 226.5 4.7 09/01407 02:19 | 09/01/07 07:01
3R | 4 NTIP(R2F 2 299.9 6.2 09/01/07 07:01 | 09/02/07 13:15
|3 NTIPO2F ] 375.5 7.8 09/02/07 13:15 | 09/02/07 21:03
3B | 6 NTIPO2F 2 498.9 10.4 090207 21:03 | 09/04/07 07:25
9|0 IWTIP(O2F 2 1.1 0.0 09/04/07 07:25 | 09/04/07 07:28
39 | 1 NTIPO2F 2 137.6 5.0 09/04/07 07:28 | 09/04/07 12:28
39 | 2 NTIPO2F 2 305.9 15.0 09/04/07 12:28 | 09/05/07 03:31
39 | 3 NTIPO2F 2 311.8 6.5 09/05/07 03:31 | 09/05/07 09:59
39 | 4 NTIPO2F 2 447.2 9.3 09705407 09:59 | 09/05/07 19:17
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Dredge Eng, g Deaign
Grid ID Dredge D Cnnmdemt.mn Fuc.tured Sitart Time Finish Time
Area Dredge Weight Time
(1,2,3,4)

1 ] {tons) (hr}

39 5 NTIPO2F 2 376.0 7.8 09/05/07 19:17 | 09/06/07 03:06
39 (5] NTIPOZF 2 335.0 7.4 Q90607 03:06 | 09/06/07 10:29
39 7 NTIPO2ZF 2 3833 8.0 09/06/07 10:29 | 09/06/07 18:27
40 1 NTIPO2ZF 2 10.6 0.4 09/06/07 18:27 | 09/06/07 18:50
4{) 2 NTIF(2F 2 227 0.5 09/06/07 18:50 | 09/06/07 19:23
40 3 NTIPO2E el 33.6 0.7 090607 19:23 | 09/06/07 20004
40 | 4 NTIPO2F 2 41.7 0.9 0X06/07 20004 | 09/06/07 20:56
40 5 NTIFZF 2 187.8 3.9 090607 20056 | 09/07/07 00:51
40 5] NTIPZF 2 314.4 13.3 09407707 (51 | 09/07/07 14:06
40 ¥ NTIFOZE 2 352.9 1.3 0907707 14:06 | 09/07/07 21:26
40 8 NTIPOZF 2 434 8 9.0 09007707 21:26 | 09/08/07 06:28
41 1 NTIPO2F 2 63.4 23 09/08/07 06:28 | 09/08/07 08:47
41 2 NTIPO2ZF & 196.7 4.8 09/08/07 08:47 | 09/08/07 13:33
41 3 NTIPOZF 2 113.5 48 09/08/07 13:33 | 09/08/07 18:20
41 4 NTIPOZF 2 17.6 0.4 09/08/07 18:20 | 09/08/07 18:42
4] 5 NTIPO2F 2 21.5 0.4 09/08/07 18:42 | 09/08/07 19:00
41 6 NTIP(O2F 2 704 1.5 090807 19:09 | 09/08/07 20:37
4] 7 NTIPO2F 2 125.3 2.6 00/08/07 20:37 | 09/08/07 23:13
41 8 NTIPO2F 2 1949 4.1 09/08/07 23:13 | 09/10/07 03:16
4] 9 NTIPO2F 2 191.7 4.0 09/10/07 03:16 | 09/10/07 07:15
41 10 NTIPO2F 2 57.0 1.9 0910007 07:15 | 09/10/07 09:10
4] 11 NTIPO2F 2 178.2 3.7 09/ 10407 09:10 | 09/10/07 12:53
41 12 NTIP(ZF 2 323.0 6.7 0910407 12:53 | 09/10/07 19:35
41 13 NTIPO2E 2 406.5 17.1 09/ 10407 19:35 | 09/11/07 12:43
41 14 NTIPZF 2 431.8 9.0 09/11/07 12:43 | 09/11/07 21:42
41 15 NTIPO2ZE 2 295.5 f.1 09/11/07 21:42 | 09/12/07 03:50
42 0 NTIPOZF 2 0.0 0.0 0912007 03:50 | 09/12/07 03:50
42 1 NTIPOZF 2 1799 6.5 09/12/07 03:50 | 09/12/07 10:22
42 2 NTIPO2F 2 173.2 4.2 QO712/07 10:22 | 09/12/07 14:34
42 3 NTIPOZF 2 305.0 6.3 09712007 14:34 | 0971207 2(:55
42 4 NTIPO2F 2 3457 14.6 09012007 20:55 | 09/13/07 11:29
42 ] NTIPOZF 2 262.1 5.4 09/13/07 11:29 | 09/13/07 16:56
42 (3] NTIPO2F 2 2067 43 09/13/07 16:56 | 09/13/07 21:13
42 7 NTIPOZF 2 240.0 5.0 0971307 21:13 | 09/14/07 02:13
42 8 NTIPOZF 2 213.1 4.4 09/14407 02:13 | 09/14/07 (6:38
42 9 NTIFO2F 2 2903 6.0 09714007 06:38 | 09/14/07 12:40
42 10 NTIPO2F 2 168.6 7T 09/14407 12:40 | 09/14/07 20:20
42 | 11 NTIFQ2F 2 3806 79 0971407 20:20 | 09/15/07 04:14
42 | 12 NTIPO2ZF 2 285.3 5.9 09/15/07 04:14 | 09/15/07 10:10
42 | 13 NTIPO2F 2 3094 6.4 09/15/07 10:10 | 09/15/07 16:36
43 0 NTIPO2F 2 3.7 0.1 09/1507 16:36 | 09/15/07 16:44
43 l NTIPO2F 2 206.0 75 09/15/07 16:44 | 09/17/07 00:13
43 2 NTIPO2F 2 823 2.0 0917007 00:13 | 09/17/07 02:13
43 3 NTIPO2F 2 27.7 0.7 09/17/07 02:13 | 09/17/07 02:54
43 4 NTIPO2F 2 105.1 2.2 09/ 17/07 02:54 | 09/17/07 05:05
43 5 NTIPO2F 2 126.2 2.6 0917007 05:05 | 09/17/07 07:42
43 G NTIPQ2F 2 22172 4.6 09/17/07 07:42 | 09/17/07 12:19
43 7 NTIPO2F 2 224.4 4.7 09/17/07 12:19 | 09/17/07 16:59
43 8 NTIPO2F 2 172.9 3.6 09/17/07 16:59 | 09/17/07 20034
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Dredge Eng. ‘ Design
Grid ID Dredge D Consideration Fac.mred Start Time Finish Time
Area (1234) Dredge Weight | Time
I 1 o (tons) (hr)

43 | 9 NTIPO2F 2 237.9 49 0917007 20:34 | 09/18/07 01:31
43 NTIPOZF 2 201.5 4.2 09/18/07 01:31 | 09/18/07 05:42
43 | 11 NTIPOZF 2 157.6 3.3 09/18/07 05:42 | 09/18/07 08:59
4 | 1 NTIPOZF 2 6.7 0.2 09/18/07 08:59 | 09/18/07 09:13
44 | 2 NTIPO2ZF 2 71.3 28 09/18/07 09:13 | 09/18/07 12:02
44 | 3 NTIPOZF 2 2143 5.2 09/18/07 12:02 | 09/18/07 17:14
44 | 4 NTIPO2F 2 221.9 4.6 09/18/07 17:14 | 09/18/07 21:51
44 | 5 NTIPOZF 2 93.0 1.9 0971807 21:51 | 09/18/07 23:47
44 | 6 NTIPOZF 2 85.7 1.8 09/18/07 23:47 | 09/19/07 01:33
4 | 7 NTIPOZF 2 143.3 3.0 09/19/07 01:33 | 09/19/07 04:32
44 | 8 NTIPOZF 2 175.1 3.6 09/19/07 04:32 | 09/19/07 08:10
44 | 9 NTIPO2F 2 202.0 4.2 09/19/07 08:10 | 09/19/07 12:22
44 | 10 NTIPO2F 2 163.9 3.4 00/19/07 12:22 | 09/19/07 15:47
45 | 0 NTIPO2ZF 2 0.0 0.0 09/19/07 15:47 | 09/19/07 15:47
45 1 NTIPDZF 2 19.5 0.7 09719407 15:47 | 09/19/07 16:29
45 | 2 NTIPOZF 2 64.2 23 09/19/07 16:29 | 09/19/07 18:49
45 | 3 NTIPOZF 2 83.2 2.0 09/19/07 18:49 | 09/19/07 20:50
45 | 4 NTIPOZF 2 144.1 3.5 09/19/07 20:50 | 09/20/07 00:20
45 | 5 NTIPOZF 2 47.7 1.0 09720007 00:20 | 09720007 01:20
45 6 NTIPO2F 2 0.7 0.0 0920007 01:20 | 0920007 01:21
46 | 3 NTIPO2G 2 0.0 0.0 0972107 00:00 | 09/21/07 00:00
46 4 NTIPO2G 2 734 1.5 092107 00:00 | 09/21/07 01:31
46 | 5 NTIP02G 2 217.5 9.2 09/21/07 01:31 | 09/21/07 10:41
46 | 6 NTIPD2G 2 368.3 7.7 09/21/07 10:41 | 09/21/07 18:20
47 | 0 NTIPO2G 2 0.0 0.0 09/21/07 18:20 | 09/21/07 18:20
47 1 NTIPO2G 2 220 0.5 09/21/07 18:20 | 09/21/07 18:52
47 | 2 NTIPO2G 2 523 1.3 09/21/07 18:52 | 09/21/07 20:08
47 | 3 NTIPO2G 2 64.7 1.6 09721707 20:08 | 09/21/07 21:43
47 | 4 NTIPO2G 2 114.1 2.8 0972107 21:43 | 09/22/07 00:28
47 | 5 NTIPO2G 2 121.9 25 0972207 00:28 | 09/22/07 03:00
47 | 6 NTIP0O2G 2 137.5 5.8 09/22/07 03:00 | 09/22/07 08:48
47 7 NTIPD2G 2 132.7 2.3 0972207 08:48 | 0972207 11:34
47 | 8 NTIP02G 2 164.2 3.4 0922007 11:34 | 09/22/07 14:59
48 | 1 NTIPD2G 2 494 1.2 09/22/07 14:59 | 09/22/07 16:10
48 2 NTIPO2G 2 854 2.1 09/22/07 16:10 | 09/22/07 18:15
48 | 3 NTIPO2G 2 120.8 2.9 09/22/07 18:15 | 09/22/07 21:10
48 4 NTIPOZG 2 137.5 5.8 0972207 21:10 | 09/24/07 02:58
43 | 5 NTIPO2G 2 154.2 3.2 09/24/07 02:58 | 09/24/07 06:10
48 | 6 NTIPO2G 2 118.5 2.5 09/24/07 06:10 | 09/24/07 08:38
48 | 7 NTIPO2G 2 144.6 3.0 09/24/07 08:38 | 09/24/07 11:38
48 | 8 NTIPO2G 2 234.2 4.9 09/24/07 11:38 | 09/24/07 16:30
48 | 9 NTIP02G 2 334.8 7.0 09/24/07 16:30 | 09724007 23:28
48 | 10 NTIP02G 2 284.1 5.9 09/24/07 23:28 | 09/25/07 05:22
48 | 11 NTIPO2G 2 299.6 6.2 09/25/07 05:22 | 09/25/07 11:36
49 | 0 NTIPO2G 2 0.0 0.0 09/25/07 11:36 | 09/25/07 11:36
49 | 1 NTIP02G 2 156.3 38 09/25/07 11:36 | 09/25/07 15:23
49 | 2 NTIPD2G 2 235.6 5.1 09/25/07 15:23 | 09/25/07 21:06
49 | 3 NTIPO2G 2 231.1 5.6 09/25/07 21:06 | 09/26/07 02:42
49 | 4 NTIPO2G 2 263.0 55 09/26/07 02:42 | 09/26/07 08:10
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Dredge ].Eng+ : Design
Grid ID Dredge iDB Cumiderat:lon Fac_tured Start Time Finlsh Time
Area (123.4) Dredge Weight Time
T .3 gt (tons) (hr)
49 | 5 NTIP02G Z 2159 4.3 09/26/07 08:10 | 09/26/07 12:39
49 | 6 NTIFO2G 2 198.5 4.1 09/26/07 12:39 | 09/26/07 16:47
49 | 7 NTIP02G 2 193.2 4.0 09/26/07 16:47 | 09/26/07 20:48
010 NTIP0ZG 2 11.7 0.3 09/26/07 20:48 | 09/26/07 21:05
50 |1 NTIPO2G 2 259.5 6.3 09/26/07 21:05 | 09/27/07 03:23
50 | 2 NTIPO2G 2 379.0 9.2 09/27/07 03:23 | 09/27/07 12:34
50 | 3 NTIPO2G 2 374.8 7.8 09/27/07 12:34 | 0%/27/07 20:21
0 4 NTIPO2G 2 2883 6.0 09/27/07 20:21 | 09/28/07 02:21
50 | 5 NTIPO2G 2 289.6 6.0 09/28/07 02:21 | 09/28/07 08:22
30| 6 NTIP02G 2 3474 7.2 09/28/07 08:22 | 09/28/07 15:35
51 | 0 NTIPOZG 2 0.0 0.0 09/28/07 15:35 | 09/28/07 15:35
51 I NTIPD2G 2 199 .4 4.8 09/28/07 15:35 | 09/28/07 20:25
51 | 2 NTIPO2G 2 336.5 8.2 09/28/07 20:25 | 09/29/07 04:35
31 13 NTIPO2G 2 362.3 8.8 09/2907 04:35 | 09/29/07 13:22
51 | 4 NTIPO2G z 284.3 3.9 09/29/07 13:22 | 09/29/07 19:16
51 | 5 NTIPDZG 2 310.9 6.5 09/29/07 19:16 | 10/01/07 01:44
51 | 6 NTIPD2G 2 297.5 6.2 10/01/07 01:44 | 10/01/07 07:55
52 | 1 NTIPD2G 2 145.0 35 10/01/07 07:55 | 10/01/07 11:26
52 | 2 NTIPD2G 2 3324 8.1 10/01/07 11:26 | 10/01/07 19:30
3253 NTIPD2G 2 364.0 8.8 10/01/07 19:30 | 1WO2/07 04:19
52 | 4 NTIPO2G 2 372.2 7.7 1000207 04:19 | 10/02/07 12:03
S2: | =8 NTIF02G 2 397.1 8.3 10/02/07 12:03 | 10/02/07 20:19
14 | 9 NTIPO2C 3 30.6 4.3 06/18/07 00:00 | 06/18/07 04:16
14 | 10 NTIFQ2C 3 0.1 0.0 06/18/07 04:16 | D6/18/07 04:16
15 | 7 NTIPO2C 3 150.4 7.5 06/18/07 04:16 | 06/18/07 11:46
15 | 8 NTIPO2C 3 224.7 18.9 06/18/07 11:46 | 06/19/07 06:42
15 | 9 NTIPD2C 3 196.3 8.2 06/19/07 06:42 | 06/19/07 14:52
15 [ 10 NTIFO2C 3 51.8 2.2 06/19/07 14,52 | 06/19/07 17:01
16 | 7 NTIPO2C 3 282.1 11.7 06/19/07 17:01 | 0&/20/07 04:45
16 | &8 NTIPO2C 3 282.8 11.8 06/20/07 04:45 | 06/20/07 16:30
16 | 9 NTIPO2C 3 249.0 10.3 06/20/07 16:30 | 06/21/07 02:51
16 | 10 NTIPQ2C 3 208.0 17.5 06/21/07 02:51 | 06/21/07 20:23
16 |11 NTIP(2C 3 2578 21.7 06/21/07 20:23 | 06/22/07 18:07
16 | 12 NTIPD2C 3 188.0 7.8 06/22/07 18:07 | 06/23/07 01:56
16 | 13 NTIPO2C 3 328 1.4 06/23/07 01:56 | D6/23/07 03:18
| 7 ) NTIPD2C 3 281.8 11.7 06/23/07 03:18 | 06/23/07 15:00
17 | B NTIPO2C 3 424.6 17.6 06/23/07 15:00 | 06/25/07 08:39
17 | 9 NTIPQ2C 3 378.5 15.7 06/25/07 08:39 | 06/26/07 0023
17 | 10 NTIP02C 3 324.5 13.5 06/26/07 D0:23 | 06/26/07 13:52
17 | 11 NTIPO2C 3 240.2 10.0 06/26/07 13:52 | 06/26/07 23:51
17 | 12 NTIPO2C 3 6.9 0.3 06/26/07 23:51 | 06/27/07 00:08
18 | 6 NTIPD2C 3 190.2 16.0 06/27/07 00:08 | 06/27/07 16:11
12 | 7 NTIPD2C 3 191.3 8.0 06/27/07 16:11 | 06/28/07 00:08
18 | 8 NTIPO2C 3 143.8 6.0 06/28/07 00:08 | 0&6/28/07 06:06
18 [ § NTIPD2C 3 7.3 0.3 06/28/07 06:06 | 06/28/07 06:25
19 | 3 NTIPO2C 3 358.2 30.2 D6/28/07 06:25 | D6/29/07 12:37
19 [ 6 NTIPO2C 3 321.0 27.1 06/29/07 12:37 | 06/30/07 15:41
19 | 7 NTIPO2C 3 73.3 6.2 06/30/07 15:41 | 06/30/07 21:52
19 | 8 NTIPO2C 3 41.6 2.8 06/30/07 21:52 | 07/02/07 0040
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Dredge ]_i‘.ng+ ; s
Grid ID Dredge D Carmdera?un Facfnred Start Time Finish Time
Area Dredge Weight Time
1,2,34)
1 ] (tons) (hr)
19 | @ NTIPQ2C 3 10.0 0.4 Q702007 00:40 | 07/02/07 01:05
20 | 5 NTIPDZC 3 390.9 33.0 O07/02/07 01:05 | 07/03/07 10:03
20 | 6 NTIP)2C 3 295.0 12.3 070307 10:03 | 07/03/07 22:18
2] f NTIPO2C 3 307.7 25.9 O7/03/07 22:18 | 07/06/07 00:15
21 T NTIPQ2C 3 159.8 1.8 O07/06/07 00:15 | 07/06/07 08:00
21 8 NTIPQZC 3 81.2 5.9 O07/06/07 08:00 | 07/06/07 13:54
2 1 6 NTIPO2C 3 569.9 41.4 O7/06/07 13:54 | 07/09/07 (0721
22 | NTIFQ2C 3 839.7 123.9 O7/09/07 07:21 | 07/14/07 11:15
22 | & NTIPOZC 3 2712 202 07/14/07 11:15 | 07/16/07 07:26
23 | 6 NTIPO2C 3 791.3 16.4 071607 07:26 | 07/16/07 23:52
23 ki NTIPO2C 3 736.1 31.0 O7/16/07 23:52 | 07/18/07 06:54
23 | & NTIPO2C 3 396.2 29.2 O7/18/07 06:54 | 07/19/07 12:08
23 9 NTIFO2C 3 66.9 1.6 071907 12:08 | 07/19407 13:45
24 | 6 NTIFQ2C 3 746.5 36.7 O7/19/07 13:45 | 07/21/07 02:28
24 | 1 NTIPO2C 3 656.3 32.3 07421007 02:28 | 07/23/07 10:45
24 | & | NTIPO2C/NTIPO2ZD 3 672.7 33.1 07/23/07 10:45 | 07/24/07 19:50
24 | 9 | NTIPO2ZC/INTIPOZD 3 426.5 10.3 O7/24/07 19:50 | 07725007 06:11
25 | 6 NTIPO2C 3 267.7 07 O7/25007 06:11 | 07/25/07 15:35
25 | 7 NTIPG2C 3 2572 0.4 0742507 15:55 | 07/26/07 01:16
25 a NTIPOZC/NTIPOZD 3 304.8 22.5 07/26/07 01:16 | 072607 23:45
26 | 6 NTIPO2C 3 412.1 8.6 07726007 23:45 | 07727407 08:19
26 7 NTIPO2C 3 441.4 9.2 Q127007 08:19 | 07727407 17:29
26 | 8 NTIFQ2C 3 155.9 6.1 0727007 17:29 | 07/27/07 23:37
2 | 9 NTIPO2C 3 101.0 24 07427007 23:37 | 07/28/07 02:04
27 | 6 NTIPO2C 3 330.9 8.0 O7/28/07 02:04 | 07/28/07 10:06
27 7 NTIPZC 3 191.1 4.0 072807 10:06 | O07/28/07 14:04
27 | B NTIPO2C 3 144.4 3.0 07/28/07 14:04 | 07/28/07 17:04
27 9 NTIFO2C 3 444 0 02 07/28/07 17:04 | 07/30/07 02:19
27 | 10 | NTIPOZC/NTIPOZD 3 236.5 6.2 O7/30/07 02:19 | 07/30/07 08:32
27 | 11 | MTIPO2C/NTIFOZD 3 622.2 30.6 07/30407 08:32 | 07/31/07 15:08 |
28 | & | NTIPOZC/NTIPOZE 3 133.0 3.2 07/31/07 15:08 | 07/31/07 18:21
28 | 9 | NTIPO2C/NTIPOZE 3 4938 10.3 0731007 18:21 | 08/01/07 04:37
28 | 10 NTIPO2C 3 386.1 04 080107 04:37 | 0B/D1/07 13:539
28 | 11 NTIFQZC 3 302.5 0.5 08/01/07 13:39 | 08/01/07 23:30
20 | 10 NTIP(2C 3 120.4 3.1 O8/01/07 23:30 | 0R/02/07 02:38
29 | 11 NTIPO2C 3 165.4 4.0 08/02/07 02:38 | 08/02/07 06:39
25 | 9 NTIPO2D 3 543.0 19.7 080307 00:00 | 0&/03/07 19:44
25 10 NTIPQ2D 3 0542 T0.4 D8/03/07 19:44 | 0B/AO7/07 18:08
25 | 11 NTIP)ZD 3 387.8 28.6 08707 18:08 | 08/08/07 22:45
26 | 10 NTIPO2D 3 303.3 74 O8/08/07 22:45 | 0BAD/0T D6:06
26 | 11 MNTIPO2D 3 6224 15.1 08/06/07 06:06 | 08/09/7 21:13
20 | 7 NTIPOZE 3 212.5 52 D&/IO/07 00:00 | 08/10/07 05:09
29 | & NTIPO2E 3 598.9 295 D&/10/07 05:09 | 08/11/07 10:36
29 | 9 NTIPOZE 3 27.6 0.6 08/11/07 10:36 | 08/11/07 11:11
0 | 6 NTIPOZE 3 14.8 0.4 08/11/07 11:11 | 08/11/07 11:32
30 | 7 NTIPOZE 3 667.4 16.2 D81 1/07 11:32 | 08/13/07 03:43
30 | 8 NTIPOZE 3 783.3 16.3 O8/13/07 05:43 | 08/13/07 20:02
30 0 NTIPOZE 3 218.0 0.2 08/13/07 20:02 | 0B/14/07 05:14
31 | & NTIPOZE 3 939.4 228 0R/14/07 05:14 | 08/15/07 04:00
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. Tiedie l:l]ng. . Design
Grid 1D Dredge D Cunsndernt.lun Fac_tured Start Time Finish Time
Area (1,2,3.4) Dredge Weight |  Time
1 ] = {tons) (hr)
31 1 NTIPOZE 3 1176.5 57.9 08/15/07 04:00 | 08/17/07 13:52
31 8 NTIPOZE 3 385.0 8.0 08/17/07 13:52 | 0B/17/07 21:52
32 f NTIPOZE 3 1139.2 23.7 08/17/07 21:52 | 08/18/07 21:33
32 | 7 NTIPOZE 3 1167.1 24.3 08/18/07 21:33 | 0820007 21:48
32 | B NTIPO2E 3 6.4 1.6 O0B/20/07 21:48 | 0B/20/07 23:23
33 ) NTIPO2E 3 21643 45.0 08/20007 23:23 | 0B/22/07 20:22
33 g NTIPOZE 3 14452 35.0 0822007 20022 | 08/24/07 07:24
33 | 9 NTIPOZE 3 238.5 3.8 0824007 07:24 | 08/24/07 13:11
34 | 7 NTIPOZE 3 1819.1 37.8 08/24/07 13:11 | 08/27/07 02:59
34 8 NTIPOZE 3 1033.1 25.0) O8/27/07 02:59 | 082807 04:02
34 9 NTIPOZE 3 488.0 11.8 OB/28/07 04:02 | 08/28/07 15:52
36 | B NTIPOZF 3 915.7 333 08/29/07 0000 | 08/30/07 09:18
35 | 9 NTIPOZF 3 341.4 13.1 OB/30/07 09:18 | D8/30/07 22:25
37 ) NTIPOZF 3 12313 23.7 0830007 22:25 | 09/01/07 0008
37 8 NTIPO2F 3 865.0 18.0 09/01/07 00:08 | 090207 18:07
38 7 NTIPOZF 3 575.2 24.2 09/02/07 18:07 | 09/04/07 18:21
38 | 8 NTIPO2F 3 368.3 1.7 09/04/07 18:21 | 09/05/07 02:01
38 | 9 NTIPO2ZF 3 214.3 1.8 09/05/07 02:01 | 0905/07 09:48
38 | 10 NTIPO2ZF 3 20.7 0.5 09/05/07 09:48 | 09/05/07 10:18
39 ] NTIPQ2F 3 4046.2 8.4 09/05/07 10:18 | 09/05/07 18:45
31 9 NTIPO2F 3 432.1 15.7 090507 18:45 | 09/06/07 10:28
39 |10 NTIPOZF 3 479.8 17.4 09/06/07 10:28 | 09/07/07 03:55
39 |11 NTIPO2F 3 369.6- 13.4 0907/07 03:55 | 09/07/07 17:21
39 12 NTIPO2F 3 21.1 0.8 090707 17:21 | 09/07/07 18:07
40 | 9 NTIPO2F 3 282.2 3.9 O907/07 18:07 | 09/07/07 23:59
40 | 10 NTIPO)2F 3 118.7 4.3 09/07/07 23:59 | 09/08/07 04:18
40 1 11 NTIPO2F 3 197.2 4.8 090807 04:18 | 09/08/07 09:05
40 | 12 NTIP)2ZF 3 319.2 il 09/08/07 09:05 | 09/08/07 16:49
40 | 13 NTIPOZF 3 238.6 5.8 O/08/07 16:49 | 09/08/07 22:36
40 | 14 NTIPO2ZF 3 282.6 6.9 090807 22:36 | 09/10/07 05:27
4] | 16 NTIPOZF 3 2873 6.0 09/10407 05:27 | 09/10/07 11:26
41 | 17 NTIPO2ZF ] 251.4 5l 09/10407 11:26 | 09/10/07 16:39
41 18 NTIPOZF 3 2034 4.2 09/10/07 16:39 | 09/10/07 20:53
41 | 19 NTIPO2F 3 180.7 38 09/10v07 20:53 | 09/11/07 00:38
41 | 20 NTIPOZE 3 148.0 3.1 09/11/07 00:38 | 09/11/07 03:43
41 | 21 NTIPO2ZF 3 177.0 6.4 091107 03:43 | 08/11/07 10:09
41 | 22 NTIPQZF 3 138.0 50 1 09/11/07 10:09 | 09/11/07 15:10
41 | 23 NTIPO2ZF 3 680.3 24.7 | 09/11/07 15:10 | 09/12/07 15:55
42 | 14 NTIFQ2ZF 3 310.7 6.5 | 09/12/07 15:55 | 09/12/07 22:22
42 | 15 NTIPOZE £} 2276 4.7 09712407 22:22 | (9/13/07 03.06
42 | 16 NTIPO2F 3 231.2 4.8 091307 03:06 | 09/13/07 07:54
42 | 17 NTIPO2ZF 3 248.4 52 09/ 13/07 07:54 | 089/13/107 13:04
42 | 18 NTIPOZF 3 203.7 4.2 09/13/07 13:04 | 09/13/07 17:18
42 | 19 NTIPO2F 3 1574 3.3 0%/13/07 17:18 | 09/13/07 20:34
42 | 20 NTIPOZF 3 133.5 28 09/13/07 20:34 | 09/13/07 23:23
42 | 21 NTIPO2ZF 3 1322 o 09/13/07 23:23 | 09/14/07 02:08
42 | 22 NTIPOZF 3 99.3 2.1 09/14/07 02:08 | 09/14/07 04:12
42 | 23 NTIPO2ZF 3 1488.3 36.1 091407 04:12 | 09/15/07 16:17
43 | 12 NTIPOZF 3 128.3 2.3 09/15/07 16:17 | 09/15/07 18:57
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Dredge ]_.*.".llg+ . Design
Grid ID Dredge ip | Comsideration | Factored | g i | Finish Time
Area (1,2,3.4) Dredge Weight Time
1 ] - {tons) {hr)
43 | 13 NTIPOZF 3 136.0 2.3 09/15/07 18:57 | 09/15/07 21:46
43 | 14 NTIPOZE 3 160.4 3.3 09/15/07 21:46 | 0%/17/07 01:06
43 | 15 NTIPOZF 3 117.3 24 0971707 01:06 | 09/17/07 03:32
43 | 16 NTIPO2F 5 128.6 2.7 09/17/07 03:32 | 09/17/07 06:13
43 | 17 NTIPO2ZF 3 149.6 6.3 09/1°7/07 06:13 | 09/17/07 12:31
43 | 18 NTIPOZE 3 126.0 2.6 09/17/07 12:31 | 08/17/07 15:08
43 | 19 NTIPOZF 3 87.6 1.8 09/17/07 15:08 | 09/17/07 16:58
43 | 20 NTIPOZF 3 76.3 1.6 09/17/07 16:58 | 09/17/07 18:33
43 | 21 NTIPO2ZF 3 59.1 1.2 0971707 18:33 | 09/17/07 19:47
43 | 22 NTIPO2F 3 34.3 0.7 09/17/07 19:47 | 09/17/07 20:29
43 | 23 NTIPOZF 3 203.9 4.9 091707 20:29 | 09/18/07 01:26
44 | 11 NTIPOZF 3 189.8 3.9 09/18/07 01:26 | 09/18/07 05:23
44 | 12 NTIPOZE 3 202.6 42 09/18/07 05:23 | 09/18/07 09:35
44 113 NTIPOZF 3 2246 4.7 09/18/07 09:35 | 09/18/07 14:15
44 | 14 NTIPOZF 3 187.5 7.9 09/18/07 14:15 | 09/18/07 22:10
44 | 15 NTIPOZF 3 1427 3.0 09/18/07 22:10 | 09/19/07 01:07
44 | 16 NTIPOZE 3 883 1.8 09/19/07 01:07 | 09/19/07 02:58
44 | 17 NTIFOZF ) 63.0 1.3 09/19/07 02:58 | 09/19/07 04:16
44 | 18 NTIPOZF 3 49.6 1.0 09/19/07 04:16 | 09/19/07 05:18
44 |19 NTIPO2ZF 3 38.4 (.8 09/19/07 05:18 | 09/19/07 06:06
44 | 20 NTIPOZF 3 16.3 0.3 09/19/07 06:06 | 09/19/07 06:26
44 | 21 NTIPOZF 3 0.8 0.0 09/19/07 06:26 | 09/19/07 06:27
45 8 NTIPO2E/NTIPO2G 3 240.7 3.0 00/19/07 06:27 | 08/19/07 11:27
45 | 9 | NTIPO2ZF/NTIPOZG 3 174.4 3.6 09/19/07 11:27 | 09/19/07 15:05
45 | 10 | NTIPOZE/NTIPO2G 5 103.2 2.1 09/19407 15:05 | 09/19/07 17:13
45 | 11 | NTIPO2E/NTIPO2ZG 3 70.5 1.5 09/19/07 17:13 | 09%/19/07 18:41
45 | 12 | NTIPOZENTIPO2G 3 44.6 0.9 09/19/07 18:41 | 09/19/07 19:37
45 | 13 NTIPOZF 3 40.2 0.3 09/19/07 19:37 | 09/19/07 20:27
45 | 14 NTIPOZE 3 43.1 1.8 09/19/07 20:27 | 09/19/07 22:16
45 | 13 NTIPOZE 3 0.6 0.0 09/19/07 22:16 | 09/19/07 22:17
46 | 7 NTIPO2G 3 344.1 T2 09/20/07 00:00 | 09/20/07 07:09
46 2 NTIPO2G 3 319.4 6.6 0920407 07:08 | 09/20/07 13:47
46 | 9 NTIPO2G 3 195.3 4.1 0920007 13:47 | 09/20/07 17:51
46 | 10 NTIPO2G 3 B6.9 3.7 09/20/07 17:51 | 09/20/07 21:3]
46 | 11 NTIPO2G 3 48.2 1.6 0920007 21:31 | 09/20/07 23.08
46 | 12 NTIPO2G 3 21.0 0.7 09/20/07 23:08 | 09/20/07 23:51
46 | 13 NTIPO2G 3 0.7 0.0 09/20/07 23:51 | 09/20/07 23:52
47 | 9 NTIPO2G 3 195.3 4.1 09720007 23:52 | 09/21/07 03:56
47 10 NTIPO2G 3 122.1 2.3 092107 03:56 | 09/21/07 06:28
47 | 11 NTIPO2G 3 131.8 5.6 09421/07 06:28 | 09/21/07 12:01
47 |12 NTIPO2G 3 157.9 3.3 09/21/07 12:01 | 08/21/07 15:18
47 | 13 NTIPO2G 3 140.0 20 09/21/07 15:18 | 09/21/07 18:13
47 | 14 NTIPO2G 3 124 .4 2.6 09/21/07 18:13 | 09/21/07 20:48
47 | 15 NTIPO2G 3 49.0 1.0 09/21/07 20:48 | 09/21/07 21:49
47 | 16 NTIPO2G 3 19.2 0.4 09/21/07 21:49 | 09/21/07 22:13
47 | 17 NTIPO2G 3 24 0.0 09/21/07 22:13 | 09/21/07 22:16
43 | 12 NTIPO2G 3 351.6 7.3 09/21/07 22:16 | 09/22/07 05:34
48 | 13 NTIPO2G 3 3924 8.2 09/22/07 05:34 | 09/22/07 13:44
48 | 14 NTIPO2G 3 416.5 8.7 00/22/07 13:44 | 09/22/07 22:23
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1 Dredge ]‘-E!ng+ ' Design
Grid ID Diresdae m | Comiostion | Fectored | woooms | phakrie
Area 1,23,4) Dredge Weight | Time
I 7 {tons) (hr)
48 | 15 NTIPO2G 3 305.5 6.3 0922007 22:23 | 09/24/07 04:44
48 | 16 NTIPO2G 3 2213 4.7 0924407 04:44 | 09/24/07 09:27
48 | 17 NTIPO2G 3 77.1 1.6 0924007 09:27 | 09/24/07 11:03
49 | 8 NTIPO2G 3 168.2 3.5 09/24/07 11:03 | 09/24/07 14:33
49 | 9 NTIPO2G 3 157.1 3.3 09/24/07 14:33 | 09/24/07 17:49
49 | 10 NTIPO2G 3 192.4 4.0 09/24/07 17:49 | 09/24/07 21:49
49 | 11 NTIP02G 3 175.4 3.6 09/24/07 21:49 | 09/25/07 01:28
49 |12 NTIPO2G 3 182.0 3.8 09/25/07 01:28 | 09/25/07 03:15
49 [ 13 NTIPOZG 3 183.5 38 09/25/07 05:15 | 09/25/07 (9:03
49 | 14 NTIPO2G 3 187.8 39 09/25/07 09:03 | 0925/07 12:58
49 | 15 NTIPOZG 3 172.8 36 09725/07 12:58 | 09/25/07 16:33
49 | 16 NTIPO2G 3 106.0 2.2 09/25/07 16:33 | 09/25/07 18:45
49 | 17 NTIPD2G ) 29.0 0.6 09/25/07 18:45 | 09/25/07 19:21
50 | 7 NTIPO2G 3 260.1 5.4 025007 19:21 | 09/26/07 00:46
30 | 8 NTIPO2G 3 2333 5.3 09/26/07 00:46 | 09/26/07 06:04
50 | 9 NTIPO2G 3 225.1 4.7 09/26/07 06:04 | 09/26/07 10:45
50 [ 10 NTIPO2G 3 148.0 3.1 09/26/07 10:45 | 09/26/07 13:49
50 | 11 NTIPO2G 3 125.5 2.6 09/26/07 13:49 | 09/26/07 16:26
M (12 NTIPO2G 3 140.0 29 09/26/07 16:26 | 09/26/07 19:20
50 | 13 NTIPO2G 3 146.6 3.0 0o726/07 19:20 | 09/26/07 22:23
30 | 14 NTIPD2G 3 261.9 54 09/26/07 22:23 | 09/27/07 03:50
50 | 15 NTIPO2G 3 215.3 4.5 09/27/07 03:50 | 09/27/07 08:19
30. | 16 NTIPO2G 3 54.2 1.1 092707 08:19 | 09/27/07 09:26
51 T NTIPO2G 3 2358 4.9 027007 09:26 | 09/27/07 14:20
31 8 NTIPO2G 3 239.9 5.0 0927007 14:20 | 09/27/07 19:19
51 9 NTIPOZG 3 2005 42 0927107 19:19 | 09/27/07 23:29
51 |10 NTIPO2G 3 1894 3.9 09/27/07 23:29 | 09/28/07 03:26
51 | 11 NTIPO2G 3 152.3 4.0 09/28/07 03:26 | 09/28/07 07:25
31 [ 12 NTIPO2G 3 266.8 55 09/28/07 07:25 | 09/28/07 12:58
51 | 13 NTIPO2G 3 289.7 6.0 09/28/07 12:58 | 09/28/07 18:59
31 | 14 NTIPD2G 3 2437 5.1 09/28/07 18:539 | 09/29/07 00:03
51 | 15 NTIPD2G 3 140.5 2.9 09/2%/07 00:03 | 09/29/07 02:58
31 | 16 NTIPO2G 3 12.3 0.3 09729/07 02:58 | 09/29/07 03:14
51 | 17 NTIPO2G 3 1.7 0.0 09/29/07 03:14 | 09/29/07 03:16
52 | 7 NTIPO2G 3 256.6 5.3 09/2%/07 03:16 | 09/29/07 08:36
52 8 NTIPO2G 3 265.0 5.5 09/29/07 08:36 | 09/29/07 14:06
5219 NTIPO2G 3 2864 6.0 092907 14:06 | 09/29/07 20:03
52 | 10 NTIPO2G 3 2717.7 5.8 09/29/07 20:03 | 10/01/07 01:49
52 | 11 NTIPO2G 3 2302 4.8 1VOL/A0T7 01:49 | 10/01/07 06:37
52 | 12 NTIPO2G 3 218.6 4.5 100107 06:37 | 10/01/07 11:09
52 | 13 NTIP2G 3 2249 4.7 10/01407 11:09 | 10/01/O7 15:50
52 | 14 NTIPO2G 3 194.6 4.0 1001407 15:50 | 10/01/07 19:52
32 | 15 NTIPOZ2G 3 1233 2.6 10/01/07 19:52 | 10/01/07 22:26
52 | 16 NTIPO2G 3 42.6 0.9 10/01407 22:26 | 10/01/07 23:19
53 | 8 NTIPO2G 3 290.1 6.0 10/01/07 23:19 | 10/02/07 05:21
53 9 NTIP02G 3 3144 6.5 10/02/07 05:21 | 10/02/07 11:53
173 | 10 EGIADLA 4 0.9 0.0 06/04/07 00:00 | 06/04/07 00:01
173 | 11 EGIADLA 4 58.2 1.2 06/04/07 00:01 | 06/04/07 01:13
173 | 12 EGIADLA 4 56.6 1.2 06/04/07 01:13 | 06/04/07 02:24
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Dredge ]Elng. . Hesign
Grid ID Dredge D Cons:derat}un Fac'toret] Start Time Finish Time
Area (123.4) Dredge Weight | Time
1 J R (tons) {hr)

173 1 13 EGIADIA 4 0.2 0.0 06/04/07 02:24 | 06/04/07 (02:25
174 | 8 EGIADLA 4 6.4 0.1 060407 02:25 | 06/04/07 02:33
174 | 9 EGIAD1A 4 28.6 1.0 060407 02:33 | 06/04/07 03:30
174 | 10 EGIAO1A 4 53.9 2.3 06/04/07 03:30 | 06/04/07 05:47
174 | 11 EGIAOQIA 4 209.4 8.8 06/04/07 05:47 | 060407 14:36
174 | 12 EGIAQLIA 4 549 1.1 06/04/07 14:36 | 06/04/07 15:45
175 | 7 EGIAQLA 4 223 0.5 06/04/07 15:45 | 06/04/07 16:13
175 | 8 EGIAO1A 4 211.1 4.4 06/04/07 16:13 | 06/04/07 20:36
175 | 9 EGIAOLA 4 2459 10.4 060407 20:36 | 06/05/07 06:58
175 | 10 EGIAQ1A 4 194.1 4.0 060307 06:58 | 06/05/07 11:00
175 | 11 EGIADLA 4 189.58 3.9 06/05/07 11:00 | 06/05/07 14:57
175 | 12 EGIAQLA 4 102.5 2.1 06/05/07 14:57 | 06/05/07 17:04
175 | 13 | EGIA0A/EGIAOIB 4 250 0.5 06/05/07 17:04 | 06/05/07 17:35
175 | 14 | EGIA01A/EGIAOIB 4 39.4 0.8 06/05/07 17:35 | 06/05/07 18:25
176 | 6 EGIAO1A 4 17.5 0.4 DEM05/07 18:25 | 06/05/07 18:46
176 | 7 EGIAQ01A 4 105.4 232 06/05/07 18:46 | 06/05/07 20:58
176 | 8 EGIADIA 4 229.8 48 06/05/07 20:38 | 06/06/07 01:44
176 | 9 EGIADIA 4 237.6 4.9 06/06/07 01:44 | 06/06/07 06:41
176 | 10 EGIAQLA 4 131.0 2.7 06/06/07 06:41 | 06/06/07 09:24
176 | 11 EGIAQLA 4 130.3 2.7 D6/06/07 09:24 | 060607 12:07
176 | 12 EGIAO01A 4 192.4 4.0 DEMOBAT 12:07 | 06/06/07 16:07
176 | 13 | EGIADIA/EGIADIB 4 146.5 3.0 0667 16:07 | 06/06/07 19:09
177 | 11 EGIADLA 4 035.3 2.0 D&06MT 19:09 | 06/06/07 21:08
177 | 12 | EGIAQIA/EGIADIB 4 413 0.9 06/06/07 21:08 | 06/06/07 22:00
173 | 20 EGIAQIB 4 2.9 0.1 06/07/07 00:00 | 06/07/07 00:03
173 | 21 EGIAQLIB 4 136.3 3.3 06/07/07 00:03 | D&/0THT 03:21
173 | 22 EGIAQIB i 90,9 2.2 06/07/07 03:21 | 06/0T7/7 05:34
173 | 23 EGIAOIB 4 2.5 0.1 06/07/07 05:34 | 06/07/07 05:37
174 | 20 EGIAQIB 4 43.5 0.9 D&M0T7/07 05:37 | 06/07/07 06:32
174 | 21 EGIADLE 4 169.5 4.1 06/07AYT 06:32 | 06/07/07 10:38
174 | 22 EGIAQIB 4 97.2 2.4 06/07/07 10:38 | 06/07/07 13:00
174 | 23 EGIADIE 4 2.8 0.1 06/07/07 13:00 | 06/07/07 13:04
175 | 15 EGIADIB 4 58.1 1.2 06/07/07 13:04 | 06/07/07 14:16
175 | 16 EGIADIB 4 53.8 1.1 06/07/07 14:16 | 06/07/07 15:23
175 | 17 EGIAO1B 4 48.0 1.0 06/07/07 15:23 | 06/07/07 16:23
175 | 18 EGIAQIB 4 15.0 0.3 060707 16:23 | 060707 16:42
175 | 19 EGIAQIB 4 70.1 1.5 DEAOTOT 16:42 | 06/07/07 18:09
175 | 20 EGIADLB 4 159.9 3.3 060707 18:00 | 06/07/07 21:29
175 | 21 EGIADIE 4 118.8 29 06/07/07 21:29 | 06/08/07 00:22
175 | 22 EGIAQIB 4 26.1 1.0 06/08/07 00:22 | O6/08/07 01:19
176 | 14 EGIAOLE 4 86.4 1.8 06/08/07 01:19 | 06/08/07 03:07
176 | 15 EGIAQIB 4 131.7 2.7 06/08/07 03:07 | 0&/08/07 05:51
176 | 16 EGIAQIB 4 177.4 3.7 06/08/07 05:51 | 06/08/07 09:32
176 | 17 EGIAQ1IB 4 194.7 4.0 060807 09:32 | 06/08/07 13:35
176 | 18 EGIAQ1IB 4 338.2 7.0 060807 13:35 | 06/08/07 20:36
176 | 19 EGIAOIB 4 3247 6.7 06807 20:36 | 06/09/07 03:21
176 | 20 EGIADLB 4 307.6 6.4 06/09/07 03:21 | 06/09/07 09:45
176 | 21 EGIADLE 4 320.4 1.8 06/09/07 09:45 | 06/09/07 17:31
176 | 22 EGIADIB 4 136.5 5.0 06/08/07 17:31 | 06/09/07 22:29
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Dredge F.ng. i Hesien
Grid ID Dredge D Cunﬂdemt.mn Fa:.tured Start Time Finish Time
Area (123.4) Dredge Weight Time
I 1 {tons) {hr)

177 | 13 EGIAQIB 4 164.1 34 06/09/07 22:29 | 0&/11/07 01:54
177 | 14 EGIAQIB 4 273.5 5.3 06/11/07 01:54 | 06/11/07 07:37
177 | 15 EGIAQIB 4 273.5 ) 06/11/07 07:37 | 06/11/07 13:18
177 | 16 EGIADIB 4 106.1 22 06/11707 13:18 | 06/11/07 15:30
137 [ LT EGIADLB 4 2.4 0.0 06/11707 15:30 | 06/11/07 15:33
177 | 18 EGIADIB 4 121.4 2.5 06/11/07 15:33 | 06/11/07 18:05
177 | 19 EGIADIB - 3249 6.8 06/11/07 18:05 | 06/12/07 00:50
177 | 20 EGIADIB 4 3443 7.2 06/12/07 00:50 | 06/12/07 07:59
177 | 21 EGIADIB -+ 465.2 11.3 06/12/07 07:59 | 06/12/07 19:16
177 | 22 EGIADIB 4 363.0 8.8 D6/12007 19:16 | 06/13/07 D4:04
178 | 12 EGIADIB 4 110.2 23 06/13/07 04:04 | 06/13/07 06:22
178 | 13 EGIADIB 4 157.7 3.3 06/13/07 06:22 | 06/13/07 09:38
178 | 14 EGIADIB 4 114.6 2.4 06/13/07 00:38 | 06/13/07 12:01
178 | 15 EGIAQIB 4 24.8 0.5 06/13/07 12:01 | 06/13/07 12:32
178 | 16 EGIAQLB 4 39.6 0.3 06/13/07 12:32 | 06/134)7 13:22
178 | 17 EGIAQIB 4 150.1 3.1 06/13/07 13:22 | 06/13/07 16:29
175 | 18 EGIAOIB 4 294.4 6.1 06/13/07 16:29 | 06/13/07 22:36
178 | 19 EGIADIB 4 386.6 8.0 D6/13/07 22:36 | 06/14/07 06:38
178 | 20 EGIADIB 4 476.3 9.9 06/14/07 06:38 | 06/14/07 16:32
178 | 21 EGIADIB 4 5374 13.0 06/14/07 16:32 | 06/15/07 05:34
178 | 22 EGIADLIB 4 538.3 13.1 06/15/07 05:34 | 06/15/07 18:37
178 | 23 EGIADIB 4 37.2 0.9 06/15/07 18:37 | 06/1507 19:31
179 | 16 EGIAQIB 4 61.9 13 06/15/07 19:31 | 06/15/07 20:48
179 | 17 EGIAQIB 4 158.7 3.3 06/15/07 20:48 | 06/16/07 06
179 | 18 EGIADIB 4 279.6 5.8 06/16/07 00:06 | 06/16/07 05:54
179 | 19 EGIADIB 4 331.7 11.0 06/16/07 05:54 | 06/16/07 16:57
180 | 17 EGIADIB 4 43.5 0.9 0702007 00:00 | 07/02/07 00:54
180 | 18 EGIADIB 4 363.1 11.7 0702007 00:54 | 07/02/07 12:36
180 | 19 EGIAQIB 4 615.7 224 07/02/07 12:36 | 07/03/07 10:59
181 | 17 EGIADIB 4 197.6 4.1 07/03/07 10:59 | 07/03/07 15:06
181 | 18 EGIADIB 4 654.5 27.6 O07/03/07 15:06 | 07/05/07 18:41
181 | 19 EGIADIB 4 T00.6 14.6 07/05/07 18:41 | 07/06/07 09:15
181 | 20 EGIAQDIB 4 601.0 21.9 07/06/07 09:15 | 07/07/07 07:06
182 | 16 | EGIAQIB/EGIADIC 4 178.1 3.7 070707 0706 | 07/07/07 10:48
182 | 17 EGIAQIB 4 S08.2 214 O7/07/07 10:48 | 07/09/07 08:13
182 | 18 EGIADIB 4 846.2 17.6 0709407 08:13 | 07/10/07 01:48
182 | 19 EGIADIB 4 643.5 27.1 071007 01:48 | 07/11/07 04:56
182 | 20 EGIADIB 4 564.4 11.7 071007 04:56 | 07/11/07 16:40
182 | 21 EGIADIB 4 8143 60.1 071107 16:40 | 07/14/07 D4:45
182 | 22 EGIADIB 4 0223 33.5 07/14/07 04:45 | 07/16/07 14:17
182 | 23 EGIADIB 4 1247 3.0 0W16/07 14:17 | 07/16/07 17:19
179 | 20 EGIADIB 4 558.6 20.3 OT1707 00:00 | 0771707 20:18
179 | 21 EGIADIB 4 416.4 8.7 O07/17/07 20:18 | 07/18/07 04:58
179 | 22 EGIADIB 4 372.1 13.5 O7/18/07 04:58 | 07/18/07 18:30
179 | 23 EGIADIB 4 215 1.0 O7/18/07 18:30 | 07/18/07 15:30
180 | 20 EGIADIB 4 611.9 22.3 O7/18/07 19:30 | 07/19/07 17:45
180 | 21 EGIAQIB 4 661.7 16.0 071907 17:45 | 07/20/07 09:47
180 | 22 EGIAQIB 4 523.0 19.0 0720007 09:47 | 07/21/07 04:50
180 | 23 EGIADIB 4 0.0 0.0 07420007 04:50 | 07721007 04:50
QEA, LLC 6-14 August 22, 2005

FAete' GENUe\GENDes2 3NIENes_Resuspension_Modeling_Anaschemen_050815 doc




Dredge ]_Eng. . [ Design
Grid ID Dredge p | Consideration | Factored | g\ /e | Finish Time
Area (12,34) Dredge Weight Time

1 ] ciist (tons) {hr)

181 | 21 EGIAQLB 4 624.0 22,7 07721007 04:50 | 07/23/07 03:31
181 | 22 EGIAOIB 4 728.5 26.5 0772307 03:31 | 07/24/07 06:02
34 | 21 NTIPOZB 4 1028.5 214 Q7725007 00:00 | 07/25/07 21:22
34 | 22 NTIPO2ZB 4 1319.4 48.0 07/25/07 21:22 | 07/27/07 21:23
34 | 23 NTIP(2B 4 8.0 0.3 07/27/07 21:23 | 072707 21:41
35 [ 21 NTIPOZB 4 1905.0 46.2 07/27/07 21:41 | 07730/07 19:52
35 | 22 NTIPOZB 4 1032.5 375 07/30007 19:52 | 08/01/07 09:25
35 | 23 NTIFOZE 4 31.3 1.1 OB/01A07 09:25 | 08/01/07 10:33
36 |21 NTIPO2B 4 2380.9 49.3 08/01/07 10:33 | 08/03/07 12:02
36 | 22 NTIPDZB 4 1584.2 384 08/03/07 12:02 | 0B/06/07 02:26
36 | 23 NTIPOZB 4 425.5 15.5 08/06/07 02:26 | DB/06/0T 17:56
37 |21 NTIPO2E 4 1145.6 23.8 08/06/07 17:56 | 08/07/07 17:44
37 |22 NTIPO2B 4 911.0 448 DBATIOT 1T:44 | 08/09/07 14:32
38 | 20 NTIPDZE 4 658.7 13.7 08/09/07 14:32 | O&/10/07 04:14
38 [ 21 NTIPOZB 4 641.5 15.6 OR/10/07 04:14 | ORB/10/07 19:47
38 | 22 NTIPO2E 4 488.8 17.8 08/10/07 19:47 | 08/11/07 13:33
38 | 23 NTIPO2B 4 14.5 0.5 08/11/07 13:33 | 08/11/07 14:05
39 |19 NTIFD2B 4 465.0 9.7 08/11/07 14:05 | 08/11/07 23:45
3¢ | 20 NTIPO2B 4 459.7 19.4 08/11/07 23:45 | 08/13/07 19:08
39 |21 NTIPDZB 4 426.4 18.0 08/13/07 19:08 | 08/14/07 13:06
39 | 22 NTIP02B 4 299.6 22.1 08/14/07 13:06 | 08/15/07 11:12
39 |23 NTIPOZB 4 50.3 1.8 08/15/07 11:12 | 08/15/07 13:02
40 | 16 | NTIPOZB/NTIPOZF 4 309.7 15.2 0B/15/07 13:02 | 08/16/07 04:16
40 | 17 | NTIPO2B/NTIPOZE 4 343.6 8.3 08/16/07 04:16 | 08/16/07 12:36
40 | 18 | NTIPOZB/NTIPOZF 4 307.1 6.4 08/16/07 12:36 | 08/16/07 18:39
40 | 19 | NTIPO2B/NTIPOZF 4 2784 5.8 08/16/07 18:59 | DB/17/07 00:46
40 | 20 | NTIPOZB/NTIPOZF 4 288.8 6.0 08/17/07 00:46 | 08/17/07 06:46
40 | 21 | NTIPOZB/NTIPOZE 4 211.0 7.7 DR/17/07 06:46 | 08/17/07 14:27
40 | 22 | NTIPOZB/NTIPOZF 4 44.4 1.6 0B/17/07 14:27 | 08/17/07 16:03

E.6.2 Incorporation of a Dredge Plan into a Simulation

The total sediment mass removed and dredge duration were used to calculate the average
sediment mass removal rate for each grid cell. The fraction of the sediment volume attributable
to each of the three suspendable sediment fractions was used to calculate the individual sediment
class mass removal rates. The sediment mass removal rates were then multiplied by the overall
dredge resuspension loss rate (0.35% for the base case) to calculate the rate of sediment
resuspended. The Total PCB concentrations of each sediment fraction (computed as described in
Section E.5.3) were applied to estimate the mass rate of PCB resuspended for each sediment

class. These mass loading rates were input to the water column grid cell above the sediment
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being dredged. The loading rates for each grid cell were applied with the exact duration and

timing as specified in the dredge plan.

E.6.3 Overview of Control Systems

Various control systems have been considered as possible methods for reducing the
downstream transport of solids and PCBs released during dredging operations. The control
systems presently being investigated are “hard” control structures that offer physical barriers to
the transport of resuspended material. Two types of control structures are considered: sheet
piling and silt curtains. .Sheet piling involves construction of a hard barrier that is designed to cut
off flow and prevent transport of solids and PCBs. A silt curtain is a flexible barrier that reduces
flow and transport; a silt curtain is not as effective as a rigid barrier (i.e., sheet piling) at reducing

flow and transport of solids and PCBs.

Currently, control structures are being considered for use at two TIP locations. A
combination of sheet piling and silt curtains are planned for use in the East Channel at Rogers
Island (Figure E-6-2). At this location, one sheet pile structure is proposed at the northern
entrance to the East Channel, with structure length of 220 ft. This structure will block flow from
entering the East Channel, diverting it to the West Channel. A silt curtain, approximate length of
230 ft., is proposed at the southern end of the East Channel (Figure E-6-2) to reduce downstream
transport of resuspended sediment. The second control structure is proposed along the eastern
shoreline near Griffin Island (Figure E-6-3). A sheet pile and three silt curtains are being
considered at this location. The sheet pile will extend approximately 125 ft. into the channel
from the shoreline and encloses about 1.7 acres; about 6% of the total flow in the river will be
diverted by the structure. Silt curtains are proposed to extend an additional approximately 100 ft
into the channel from the sheet pile, continue approximately 600 ft. parallel to the river channel,

then extend back to the shoreline to fully enclose an area of about 2.9 acres (Figure E-6-3).

The dredging schedule, which extends from May through October, specifies the
following schedule for the use of control structures. The Rogers Island sheet pile will be in place

for 122 days, from May 21 to September 19. The Rogers Island silt curtain will be in place for
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91 days, from May 21 to August 19. The sheet pile in the vicinity of Griffin Island will be place
for 40 days, from July 17 to August 25. The East Griffin Island silt curtains will be placed for 9
days, from July 17 to July 25. Note that silt curtains are taken down shortly after completion of
dredging of enclosed sediments. Sheet piles remain in place for an additional month to ensure

ample time for settling of residual sediment and PCB.

E.6.4 Simulation of Control Structure Effects

The effects of control structures on flow and transport are incorporated into the model as
follows. At the location of a sheet pile structure, the grid cells along the boundary of the
structure are treated as a solid boundary, with zero flow and transport across that boundary. At
the location of a silt curtain, flow is allowed across the grid cells at the structure boundary; flow
is conserved at a silt curtain boundary. The flux of suspended sediment across a silt curtain
boundary is modified, with the flux of cohesive (Class 1) sediment being reduced by 70% of the
flux encountering the structure. It is assumed that the flux of coarse (Classes 2 and 3) sediment
is zero across the silt curtain. The transport of dissolved PCBs is unaffected by the silt curtain

structure, but the transport of PCBs sorbed to sediment is adjusted in the same manner as the

suspended sediment fluxes.
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E.7 RESULTS OF MODEL SIMULATIONS

E.7.1 Baseline Far-Field Concentrations

The RPS threshold and control levels for far-field PCB concentration criteria are absolute
concentrations. In order to evaluate the ability of proposed dredging alternatives to maintain
PCB levels below these standards, it was necessary to estimate the value of the baseline
concentration that would exist in addition to the PCB concentrations resulting from dredging.
For the Phase 1 dredging of River Section 1, the location of the far-field station is at the TID. In
June 2004, the BMP was set up with the purpose of establishing these non-dredging related PCB
concentrations. Inspection of this data as well as the previous Hudson River Monitoring (HRM)
Program in the West Channel of Thompson Island shows a strong seasonal dependence of the
levels. For this reason the BMP data were analyzed on a monthly basis and average monthly
Total PCB concentrations were used to establish the baseline concentration. These values are
given in Table E-7-1. These concentrations were added to the PCB concentrations predicted by

the resuspension modeling to estimate absolute Total PCB at the TID for comparison to RPS

standards.

Table E-7-1. Baseline TID Total PCB concentration.

Month PCB Concentration (ng/L)
May 34.5
June 63.1
July 52.5
August 213
September 29.0
October 58.5

E.7.2 Overview of Model Simulations

Two basic model simulations are presented here. The base dredging plan with no control
systems was initially run to evaluate the ability to meet RPS criteria without such structures. The
results of this simulation were used to identify time periods (and the associated dredge locations)

when RPS criteria were exceeded. After analysis of this base case, control systems were
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proposed that would address and confine the releases from dredging of areas that are responsible
for the exceedance of RPS criteria. The other primary model simulation includes the final set of
control systems chosen and serves to demonstrate the ability of such controls to maintain levels

below the standards.

For these base scenarios, assumptions were made regarding the dredging loss rate and
river flow conditions. The loss rate was assumed to be 0.35% of resuspendable material. The
river flow conditions were considered to be median values for the particular time of year based
on ten-day intervals. Sensitivity runs are also presented to show the effects on PCB and TS5

levels of variations of river flow, resuspension loss rate, as well as desorption capacity.

E.7.3 General Results and Insights

Plume Characteristics

The plume of suspended sediment and PCBs downstream of an operating dredge exhibits
certain common characteristics. Near the dredge head, the plume width is relatively narrow and
water column concentrations are at maximum levels. Moving downstream from the dredge head,
the plume widens as suspended sediment and PCBs are dispersed in the lateral (cross-channel)
direction. Water column concentrations decrease due to dispersive dilution and deposition of

suspended sediment. Figure E-7-1 shows the development of a typical PCB plume during
dredge operation.

The relative location of the dredge head in the channel (e.g., shallow near-shore area or
deeper navigation channel) affects the general structure of the plume. Figure E-7-2 demonstrates
the form of a fully developed dredge plume of Total PCBs for a mid-channel dredge operation
near the southern end of Rogers [sland. The plume quickly disperses across the channel within a
mile of the dredge head. When the plume reaches the TID, the PCBs are well mixed with only
small lateral gradients. By contrast, the plume from a near-shore dredge operation (Figure E-7-
3) exhibits much higher cross-channel gradients. These gradients persist for a much longer

distance downstream and retain significant lateral variations at the TID. It is also evident from
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comparison of these two figures that for a given distance downstream, the maximum plume

concentration of a near-shore release can be much higher than for a mid-channel release.

Sediment Transport

Under median flow conditions, only fine sediments (Class 1 — clay and silt) are carried in
suspension to the far-field station. The resuspended sand (Classes 2 and 3) settles out in the
near-field. Figure E-7-4 shows the normalized suspended sediment concentration of the three
classes as the plume travels downstream from a near-shore dredging operation. Class 3 sediment
settles out within approximately 50 m of the dredge (i.e., within the grid cell in which dredging
occurs). The Class 2 sediment travels a longer distance, nearly twice as far, but it is typically
redeposited within 100 m of the dredge. The normalized suspended sediment profile for a mid-
channel dredge operation is shown in Figure E-7-5. Class 3 sediment travels further but still
deposits within a relatively short distance (100 m). Similarly, Class 2 sediments also travel
further. The longer travel distance of these two classes is due to the higher velocities and deeper
depths associated with the navigation channel. Under high-flow conditions, these sediments can
remain in suspension for a considerable distance downstream. Some fraction of Class 2

sediment can often reach the far-field station.

Class 1 sediment deposits much more slowly and a significant portion will stay in
suspension for miles from the dredge. Redeposition of fine (Class 1) sediment varies widely; it
is largely dependent on the flow conditions and location of the release. Anywhere from 0% to
75% of the resuspended fine sediment redeposits before reaching the far-field station. Generally,
redeposition is highest for near-shore releases under low flow conditions and lowest for releases
near or in the navigational channel under high flow conditions. For example, a typical dredge
release was simulated in the near-shore region just below Rogers Island using average sediment
composition, 0.35% release rate, and median flow conditions. Under these conditions, 58% of

the resuspended fine sediment and 0% of the resuspended sand reach the far-field station.

TSS concentrations at the far-field station are relatively low under all conditions as a

result of the lateral mixing and dilution of the plume and the redeposition of resuspended
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sediments. Even with relatively high resuspension rates, the far-field TSS concentrations remain

below 35 mg/L.

PCB Transport

The contribution of each sediment class to PCB transport differs significantly due to the
interplay between redeposition rates, particle size and the magnitude of the labile and refractory
components of sorbed PCB. Nearly all of the PCBs associated with resuspended Class 3
sediments do not reach the far-field station. These PCBs redeposit because the sediments settle
much quicker than the time scales of either labile or refractory desorption. Class 2 sediment,
while not generally reaching the far-field station, does contribute to the PCBs downstream as a
result of the longer time that this sediment spends in suspension as well as the higher rates of
desorption (compared to Class 3) due to smaller particle diameters. Nearly all of this
contribution comes from the labile sorbed PCBs. The refractory component on this sediment
does not have sufficient time to desorb. The extent of labile desorption depends on local
conditions which determine the amount of time sediments spend in suspension. Fine sediment is
the main source of PCBs reaching the far-field station. Nearly the entire labile component
desorbs from these particles and transports downstream as dissolved PCBs. Much of the
refractory component remains sorbed, but contributes to the far-field PCB levels due to the
significant transport of fine sediments to the far-field station. During a typical near-shore dredge
release just below Rogers Island using average PCB concentrations, 0.35% loss rate, and median
flow, 78% of PCBs initially sorbed to Class 1 sediment were transported past the TID, whereas

only 7.6% and 1.7% of the PCBs initially sorbed to Class 2 and 3 sediment, respectively, passed
the TID.

The bulk of the desorption occurs in the vicinity of the dredge operation. Figure E-7-6
shows the spatial profile of a typical mid-channel dredge PCB plume. After the first initial
decline in total PCB in the first approximately 200 m due to dilution and deposition, the PCB
concentration declines much more slowly, primarily as a result of fine sediment deposition. The
dissolved PCB component shows that a rapid desorption occurs in the first 100 m, a slower

portion continues to desorb until about 0.5 mi. after which the fraction of the PCBs that are
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dissolved remains relatively constant. For a typical release as described above, nearly two-thirds

of the PCB flux at TID is in the dissolved phase.
E.7.4 Dredging With No Control Structures

The modeling indicates that far-field PCB levels will vary greatly during the course of
Phase | dredging due to variations in the PCB concentration and grain size distribution of the
sediment being dredged. Distinct peaks in PCB release are predicted to occur during mid-June,
the first half of July and the first half of August. The first peak is associated with dredging in the
East Griffin Island area. The second peak primarily comes from dredging in the East Channel at
Rogers Island with a smaller contribution from the East Griffin Island area. The third peak is
produced by the dredging occurring in the East Channel at Rogers Island. The East Channel at
Rogers Island contribution to the second peak results from dredging in just downstream of Bond
Creek, whereas the third peak occurs due to dredging further downstream just above where the
channel bends to the west. All of these areas contain high PCB concentrations and high

percentages of fine grained sediments.

The design resuspension loss rate (0.35%) produces Total PCB concentrations at TID that
remain below the Control Level (seven-day average concentration of 350 ng/L) and the Primary
Standard (24-hour average of 500 ng/L) for the entire season. The seven-day average Total PCB
concentration at TID fluctuates between about 25 ng/L and 200 ng/L (Figure E-7-7). The 24-

hour average concentration at this location ranges between 25 ng/L and 260 ng/L.

The seven-day average net PCB flux at TID resulting from 0.35% release varies from
near zero to about 1,030 g/d (Figure E-7-8). It exceeds the Evaluation Level of 300 g/d for about
34% of the dredging season. The Control Level of 600 g/d is exceeded for about 18% of the
dredging season. Despite the period of elevated seven-day average fluxes, the total flux over the

dredging season remains below the Control Level of 65 kg (Figure E-7-9). The total downstream
flux is about 40 kg.

The elevated Total PCB concentrations and fluxes at TID are not associated with elevated

TSS. The model indicates that six-hour average net TSS concentrations never exceed 1 mg/L
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(Figure E-7-10). Similarly, near-field net TSS concentrations remain relatively low and always
below the RPS criteria. At the station 300 m downstream of the dredging, TSS concentrations
are typically less than 10 mg/L (Figure E-7-11). The highest concentration of about 20 mg/L
occurs when dredging fine sediments along the western shore in NTIPO2G (Dredge 2 in Figure
E-7-11) and in East Griffin Island (Dredge 4 in Figure E-7-11). At the station 100 m

downstream of the dredging, TSS concentrations do not exceed about 50 mg/L (Figure E-7-12).

E.7.5 Dredging With Control Structures

The addition of the resuspension controls in East Channel at Rogers Island and East
Griffin Island that are described in Section E.6.3 reduces downstream PCB fluxes by about a
quarter. The flux of Total PCBs past TID over the entire Phase 1 program declines from about
40 kg to about 31 kg (Figure E-7-15) with the reduction about equally attributable to the two
areas where controls are deployed. The seven-day average Total PCB concentration at TID
remains below 170 ng/L for the entire season, whereas it reached about 200 ng/L without
controls (Figure E-7-13). The 24-hour average concentration exhibits a greater reduction overall

and exhibits less variability than was predicted to occur without controls. For the entire season

the 24-hour average is below 200 ng/L.

The resuspension controls are predicted to be moderately effective in reducing the seven-
day average net PCB flux at TID resulting from 0.35% release to levels below the Control Level
(Figure E-7-14). The maximum flux is reduced from about 1,030 g/d to about 700 g/d and the
peaks associated with dredging in the East Channel at Rogers Island are greatly reduced, but the
fluxes remain above the Evaluation Level for about 26% of the dredging season and above the
Control Level for about 7% of the dredging season. This is largely because reducing flow
through the East Channel at Rogers Island by cutting off of the upstream entrance reduces the
PCB flux from the channel only by about a third because the lower flow is compensated by a
buildup of PCB concentrations within the channel. The remaining low flow carrying this more
highly contaminated water remains a significant flux. In contrast, the elimination of flow in the

sheet piled area at East Griffin Island reduces the flux from this area by about 75%.
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The ability of the dredge plan with control structures to keep PCB levels under the
standards was evaluated assuming higher loss rate of dredged material. For a loss rate of 0.70%,
the seven-day average concentration past TID varied from about 40 ng/L to about 220 ng/L, well
below the Control Level (Figure E-7-16). The daily average remained below the 500 ng/L

threshold throughout the season, only reaching a maximum of about 330 ng/L.

The seven-day average net PCB flux at TID resulting from 0.70% release varies from
about 50 g/d to about 1,400 g/d (Figure E-7-17). It exceeds the Evaluation Level for about 43%
of the dredging season and the Control Level for about 29% of the dredging season. Despite
these elevated fluxes, the total flux for the dredging season reaches only 56 kg, remaining below
the Control Level (Figure E-7-18).

E.7.6 Sensitivity Analysis

Model runs were conducted to access the sensitivity of the model to river flow conditions
and desorption capacity. While the median flow was used in the development of the dredge plan,
low flow and high flow conditions were also evaluated. The dredge plan with the control
structures in the East Channel at Rogers Island and East Griffin Island were run using low and
high flow values at the 10 and 90 percentile from the historical flow distribution for each of the
ten day intervals. Under high flow conditions, the total predicted PCB flux past the TID is
increased by about 3 kg (Figure E-7-19). Conversely, low flow conditions decreased the
seasonal flux by about 3 kg due to the increased settling of suspended sediment resulting from
lower water velocities and bottom shear stresses. This represents about +/-10% about the median
flow. It should be noted that the dredge plan shown in Figure E-7-19 is different than the dredge

plan presented in Section E.7.5 and is only meant to show the relative sensitivity of the model.

Sensitivity to the desorption capacity of the sediments was evaluated by varying the
initial labile/refractory split of sorbed PCBs. As presented in Section E.5.4, the calibrated value
of the initial fraction labile was 53%. Assuming that the sorbed PCBs were much less labile at
20%, the overall season flux of PCB past the TID would be reduced by about 5 kg
(Figure E-7-20). Although the labile component is reduced by more than 50%, the overall
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transport is only reduced by about 16% because of the desorption of some refractory PCBs and
because a significant portion of the flux is from PCB sorbed to fine grained sediment. Again, it

should be noted that these runs are for a different dredge plan as presented in Section E.7.5, but

the relative sensitivity will be the same.
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E.8 SUMMARY AND CONCLUSIONS

A mathematical modeling framework, consisting of linked hydrodynamic, sediment
transport and PCB fate and transport sub-models, has been developed and it is used to simulate
the transport and fate of sediment and PCBs released during dredging operations. The two-
dimensional, vertically-averaged hydrodynamic model predicts stage height and current velocity
in the TIP, over a range of flow rates, with good accuracy. The sediment transport model
simulates the transport and deposition of three classes of suspended sediment: 1) flocculating
sediment (clay and silt); 2) very fine sand; and 3) fine and medium sands. The PCB fate and
transport model incorporates these chemical transport processes into the modeling framework: 1)
water column transport of dissolved and particle-associated PCBs; 2) deposition of particle-

associated chemical; 3) sorption and desorption; and 4) volatilization.

Application of the sediment transport model to the simulation of the fate of sediment
released during dredging operations provides the following general insights. First, coarse
sediment (i.e., sand, which is represented as Class 2 and 3 sediment in the model) settles quickly
and redeposits relatively close to the dredge head. This behavior is caused by two factors: 1)
relatively high settling speed of sands (typically greater than 500 m/d); and 2) high probability of
deposition for flow conditions in the river during typical dredging operations. Second, fine
sedimént (i.e., flocculating clay and silt, which is represented by Class 1 sediment in the model)
settles slowly and is transported long distances downstream of the dredge head. In contrast to
sand, fine sediment has a relatively low settling speed (i.e., range of 1 to 10 m/d) and the

probability of deposition is relatively low.

Model results were used to evaluate PCB concentrations in the river caused by releases
during dredging operations without and with control structures. For dredging with no control

structures and 0.35% resuspension loss rate, the following conclusions are developed from the

model results:
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s Total PCB concentrations at TID remain below the Control Level (seven-day average
concentration of 350 ng/L) and the Primary Standard (24-hour average of 500 ng/L) for
the entire dredging season.

e The total flux over the dredging season (40 kg) is below the Control Level (65 kg).

¢ The PCB flux at TID consists on average of about two-thirds dissolved phase and one
third particulate phase PCB.

o The seven-day average net PCB flux at TID exceeds the Evaluation Level (300 g/d) for
about 34% of the dredging season. The Control Level (600 g/d) is exceeded for about
18% of the dredging season.

¢ FElevated Total PCB concentrations and fluxes at TID are not associated with elevated

TSS concentrations.

For dredging with control structures (i.e., controls at East Channel at Rogers Island and

East Griffin Island) and 0.35% resuspension loss rate, model results indica&: that:

¢ The addition of resuspension controls reduces downstream PCB releases by about 25%.
The flux of Total PCBs past TID during the dredging seasons declines from about 40 kg
with no controls to about 31 kg with controls.

e The resuspension controls are moderately effective in reducing the seven-day average net
PCB flux at TID to levels below the Control Level. The fluxes remain above the
Evaluation Level for about 26% of the dredging season and above the Control Level for
about 7% of the dredging season.

o Higher loss rates of dredge material will result in higher net PCB fluxes at TID. The
season flux increases by 80% from 31 kg to 56 kg as the loss rate doubles from 0.35 to
0.70%.

¢ High flow conditions will result in higher net PCB fluxes at TID of about 10%.
Similarly, low flow conditions will decrease net PCB fluxes by about 10%.

e Lower desorption capacity of the dredged sediments will result in lower PCB fluxes at

TID. The overall season flux is reduced by about 16% as the labile PCB component is
reduced from 53% to 20%.
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Figure E-1-1. Structure of dredge resuspension modeling framework.

O - MiDaleahD_DRIVEMGEMdas\Documents\Reporsd FFigura_a1-1ppl
AMBI005 10:00 AN



Figure E-1-2. Generalized conceptual diagram of resuspension modeling.
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Figure E-4-13. Effect of river flow rate on 2-D/3-D model results: ratio of 3-D to 2-D sediment flux transported
out of 2-D grid cell.
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load deposited within 2-D grid cell.

Tz - ENGENSead A el vai\Maodel_harppsaEF U0 Eharpieia o _vs_ 20 fetywrvseni_So_Jo_adep_le pre
St Soarr G60 DN ONG 2005



Fine Sediment

I.Ifll: E E
o 08— E - —]
L I e ﬁ A Bottom release | J
X “'f':_ o Mid-depth release | -
o 0 Surface release o
L= - -
“ 02— —
(LE1} - i S — S — =]
Near Mid-FPoint Navigation
Shore Channel
Coarse Sediment -
10 . : -
o 0B -
L = o o
i b — e
= - ]
o 04— T
R =
T = O & —
00k S e -
Near Mid-Point Navigation
Shore Channel
Total Suspended Sediment
Lo E T
o 08—
: E
= 06— m|
E..E & b T
o 04—
a5
fa) =
o2
= s . e _
Mear Micd-Point Mavigation
Shore Channel

Figure E-4-17. Effect of 2-D grid cell location in the TIP channel (near RM 193) on 2-1)/3-D model results:
ratio of 3-D to 2-D sediment flux transported out of 2-D grid cell.
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Figure E-4-18. Effect of 2-D grid cell location in the TIP channel (near RM 193) on 2-D/3-D model results:

percent of released load deposited within 2-D grid cell.
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Figure E-4-19. Effect of 2-D grid cell location in the TIP channel (near Griffin Island) on 2-D/3-D model results:
ratio of 3-D to 2-D sediment flux transported out of 2-D grid cell.
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Figure [-4-20. Effect of 2-D grid cell location in the TIP channel (near Griffin Island) on 2-D/3-D model results:
percent of released load deposited within 2-D grid cell.
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Figure E-5-1. Conceptual diagram of dual compartment radial diffusive PCB sorption
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Figure E-7-1. Development of Typical Dredge Resuspension PCB Plume.
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Figure E-7-2. Fully Developed Dredge Resuspension PCB Plume

for a Mid-Channel Operation.

Sam'd_drive'jobs\gendesianalysis\plume_figures\gis\plume_steady _state_bank_release.mxd




0 625 1,250 2,500 Feet

Total PCBs (ng/L)
Bl -0
Bl 0-20
B 0-30

70 - 80

80-90
B 90- 100
Bl - 100

Figure E-7-3. Fully Developed Dredge Resuspension PCB Plume

for a Near-Shore Operation.
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Figure E-7-4. Typical Suspended Sediment Dredge Plume Centerline Concentrations for Near-Shore Release
and Median Flow (2,800 cfs)
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Figure E-7-5. Typical Suspended Sediment Dredge Plume Centerline Concentrations for Mid-Channel Release
and Median Flow (2,800 cfs)
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Figure 15-7-6. Typical PCB Dredge Plume Centerline Concentrations for Mid-Channel Release and Median

Flow (2,800 cfs)
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Figure E-7-7. Average TID Total PCB Concentration (including baseline) for Dredging with No Control
Structures, 0.35% Loss and Median Flow
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Figure E-7-8. Seven-Day Average TID Total PCB Load Above Baseline for Dredging with No Control
Structures, (bL35% Loss and Median Flow
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Figure E-7-9. Cumulative TID Total PCB Load Above Baseline for Dredging with No Control Structures,
0.35% Loss and Median Flow
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Figure E-7-10. Six Hour Average TID Total TSS Concentration Above Baseline Dredging with No Control
Structures, (.35% Loss and Median Flow
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Figure E-7-11. Six-hour average TSS at near field monitoring stations

(300 m downstream) with no control structures,
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Figure E-7-12. Three-hour average TSS at near field monitoring stations

(100 m downstream) with no control structures.
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Figure E-7-13. Average TID Total PCB Concentration (including baseline) for Dredging with NTIP and EGIA
Control Structures, 0.35% Loss and Median Flow
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Figure E-7-14. Seven-Day Average TID Total PCB Load Above Baseline for Dredging with NTIP and EGIA

Control Structures, 0.35% Loss and Median Flow
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Figure E-7-15. Cumulative TID Total PCB Load Above Baseline for Dredging with NTIP and EGIA Control
Structures, (.35% Loss and Median Flow
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Figure E-7-16. Average TID Total PCB Concentration (including baseline) for Dredging with NTIP and EGIA
Control Structures, (.70 % Loss and Median Flow
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Figure E-7-17. Seven-Day Average TID Total PCB Load Above Baseline for Dredging with NTIP and EGIA

Control Structures, 0.70% Loss and Median Flow
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Figure E-7-18. Cumulative TID Total PCB Load Above Baseline for Dredging with NTIP and EGIA Control
Structures, 0.709% Loss and Median Flow
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Figure E-7-19. Model Flow Rate Sensitivity of Cumulative TID Total PCB Load Above Baseline for Dredging
with NTIP and EGIA Control Structures and 0.35% Loss
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Figure E-7-20. Model Desorption Capacity Sensitivity of Cumulative TID Total PCB Load Above Baseline
Dredging with NTIP and EGIA Control Structures, (.35% Loss and Median Flow
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